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CHAPTER XIII. 

THE SECRETION OP T1IE ADRENALS IN 
METABOLISM. 

Ik the first volume a succinct review of the fund ions of 
various ductless glands was submitted, along with the rocdil cor¬ 
roborative evidence. The following chapters will be devoted 
mainly to a more detailed study of my views as formulated in 
1003 and 1907 and a review of the data which led up to them. 

THE NEED OF A SECRETION TO ACCOl'NT FOR THE 
RESPIRATORY PROCESS. 

a 

While the blood of vertebrates—fishes, reptiles, birds and 
mammals—contains both white and red corpuscles, that of in¬ 
vertebrates, with very few exceptions, is not supplied with the 
latter. Even the blood of Amphioxus, nil animal classed among 
vertebrates, contains no red corpuscles. Thu presence of 
haemoglobin or luvmoeyanin in the plasma of various lower 
forms might be said to afford a means for the absorption and 
distribution of oxygen; but how are these functions fulfilled ? 

Again, as stated by (irillilhs, 1 "the majority of Invertc- 
hrata have white blood, r.//.. (lie Insectn, Crustacea, Molluscs, 
etc.”; and yet, the intracellular processes are hardly more 
sluggish in many of these than in auimulH fur higher in the 
phylogenetic scale. This clearly betokens a correspondingly 
active vital process sustained by active oxygenation. Indeed, 
there exists in these animals, as well as in the colorless blood of 
any other organism deprived of red corpuscles or of blood-pig¬ 
ment, a substance endowed with quite as marked an ufliuify for 
oxygen as that shown by haemoglobin in higher forms. What is 
the nature of this substance? 

The process of respiration is ascribed by physiologists hi 
diffusion of gases, and to the affinity of the hienioglobin in the 
ml corpuscles for oxygen, the red cells absorbing the gas from 
the plasma as it enters this fluid in order to carry it to all parts 

‘Orlfllthe: "The Physiol, of the Invertebrates," p. 133, 1393. 

*-* ( 801 ) 
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of the body. This doctrine fails, however, to explain tlie respir¬ 
atory process in the largest division of the animal kingdom, 
the invertebrates just referred to. The absence of red cells 
and of their hemoglobin logically entails, in the present con¬ 
ception of rcspirnlion, absence of any ngent in the blood having 
idlinitv for oxygen; and, unless it can be shown that diffusion 
alone will satisfy the needs of the process, it is evident that we 
arc left* with nothing to account for cither the oxygen intake 
or the carbon dioxide output, or for the manner in which the 
tissues of those lower organisms carry on respiration. 

The weakness of the diffusion doctrine as an explanation of 
the respiratory process becomes apparent when we take into 
account thu fact, emphasized by Paul Bert 3 many years ago, 
that an animal will exhaust the oxygen in the air of its lungs 
even though this be reduced to one-half of one per ‘cent. As 
staled hv Mathias Duval." this shows that “absorption of oxygen 
by the blood occurs even though the pressure of this gas be al¬ 
most mi//’ Indeed. Muller observed that when strangulated, 
an animal exhausted all the nir in its lungs of oxygen, while 
Setschenow and Holmgren , 4 * * Zuntz" and others" found that “in 
the last, stages of asphyxia the arterial blood contains only traces 
of oxygen,” thus showing that the tissues themselves absorbed 
this gas through a process of active, reduction. 

Bohr . 7 using an improved aemtonomcter, sustained the 
conclusions of Itohin, Midler. Setschenow and Holmgren and 
oilier investigators to the elfect that the diffusion doctrine did 
not. satisfy the needs of the respiratory process. He found that 
the carbonic acid tension was often much lower in thu arterial 
Idood than in (he alveolar air, and nlso that the oxygen ten¬ 
sion was higher, at times, in the arterial blood than in the 
latter. He concluded, there fore, that the absorption of oxygen 
and elimination of carbonic acid were not due merely to dif¬ 
fusion. but to artire proeesscs where the blood meets the air, 
i.e.. in the pulmonary alveoli. Haldane and Tiorrain Smith" 

3 Tnul nrrt: C.-r. dr I'Acad, dea Set.. Oct. 28, 1878. 

* Matblua Duval: "Coura de phjratol.," seventh edition, p. 440. 1882. 

4 Sctaehrnnw and IloliURrcn: Cited bjr Ludwig: Wiener mcd. Jatarb.. Jahrg. 
xxl, lid. I.. S. 145. I 860 . 

* Zunti: Hermann’* "Handbuch.” Ild. Iv. Tb. 2. 8 . 43. 1882. 

* Peuibrey: Schtfer'a "T. II. of Phyalol ..’ 1 vol. I. p. 763. 1898. 

1 llohr: Sknndln. Arrhlv f. Phyalol.. 8 . 236. 1891. 

* Haldane and Lorrnln Smith: Jour, of Phyalol., vol. axil. No. 3, p. 231, 1897. 
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confirmed Bohr's results. They readied the conclusions (lint 
“the normal oxygen tension in the arterial blood is always 
higher than in the alveolar air; uud is in some animals even 
much higher than in the inspired air," uud that “the absorption 
of oxygen by the lungs thus cannot be explained by diffusion 
alone." Moreover, they observed that ueli\e absorption of oxy¬ 
gen continued when the oxygen in the alveolar air was arti¬ 
ficially increased, the oxygen tension in the blood increasing al¬ 
most proportionally. This obviously shows that the blood 
contained some substance which actixely reduced the air. 

Again, therefore, are we brought to the need of some sub¬ 
stance in the lungs capable of absorbing oxygen. 

Additional evidence to this elfect bus been contributed by 
Vaughan Ilurley." This observer found that when “one pleural 
spucc was tilled up so that the lung oil one side was compressed, 
the rate of breathing was increased, and more air was breathed 
per minute by the active lung than was previously breathed by 
the two lungs together." 'Phis was accompanied “by an in¬ 
crease in the quantity of oxygen absorbed and of carbonic acid 
cdimiiinted by the animal, the two being increased pari pansa. 
so that the respiratory quotient, as a rule, was not altered.” 
A Her showing experimentally that this could not be ascribed 
either to an increased rate of respiration alone, loan increase in 
the temperature, or to displacement of the heart, he concluded 
that “the only explanation which appears to be* sutisfudorv 
is that we acccpl the theory of Bohr." 

Bohr’s views ha\e met with considerable opposition, 
though strongly sustained by the comprehensive experiments 
of Ifnldunc and Smith, Vaughan Harley and older investigators, 
the antagonism being based on the fact that the gusometric ex¬ 
periments of some observers failed to confirm his results. 'Phis 
objection would have weight did the results recorded by Bohr's 
opponents agree. But such is not the case: I'embrey,'" for in¬ 
stance, refers to them ns liciug “verv discordant.” 

This is accounted for, it seems to me. by the fact that gaso- 
inctrie methods do not provide for the absorption of oxygon 
by other constituents of the blood. That the relative volume 


* Vaughan Harley: Jour, of rhyalol., vol. »v. No. 1, p. 33, 1899. 
” I*«-mbr«»y: Srbfcfrr'a ”T. 11. of l*hynlol.," vol. I. p. 77«i, 1898. 
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of this-gas must bo decreased while the blood is ill transit to 
tne aerotonometcr is suggested by I’lliigerV 1 observation that 
arterial blood used up a portion of its own oxygen on leaving the 
animal’s vessels. “The blood contains/’ says Schafer, 1 * “a 
substance or substances (‘reducing substances’ of Piluger) which 
greedily appropriate any free oxygen which may be present in 
the plasma, and are even capable of abstracting the oxygen 
which is combined with liomtoglobin, so that arterial blood 
rapidly becomes .converted into venous blood, when it is not 
exposed to the access of fresh oxygen. It is not known upon 
what substance or substances these properties depend.” Vari¬ 
ous factors thus cornu into play which investigators have not 
taken into account:—the dimensions of the tul>c between the 
animal and the instrument, the friction to which the blood is 
subjected therein, the time elapsed while it is in transit, etc., 
all of which uru quite sufficient to nccount for the discordant 
results obtained. Of course, this applies to Bohr's observations 
as well, but as with his tonometer “a constant and rapid stream 
oT arterial blood could be maintained,” while his oxygen ratios 
exceed those of his opponents, the probability that his results 
urc more exact than theirs'is apparent. 

In fact, lsindois, in his well-known text-hook, 13 re¬ 
jects the dilTusion doctrine totally. "The absorption of oxy¬ 
gen from the alveolar air for the purpose of oxidnlion of the 
venous blood in the pulmonary capillaries/' says this physiolo¬ 
gist, “is a chemical process, ns the gas-frec htemoglobin in the 
lungs takes up oxygen to form oxylueinoglobin. That this ab¬ 
sorption depends, not on difTusion of the gases, but on the 
atomic combination pertaining to the chemical process, is shown 
by the fact that the blood does not take up more oxygen when 
the pure gas is respired than when atmospheric air is respired; 
further, that animals that are made to breathe in a small, closed 
space will absorb into their blood all of tlic oxygen but traces, 
to the point of suffocation. If the respiratory absorption of 
oxygen were a diffusion-process, much more oxygen would have 
to be taken up in the first case in accordance with the partial 


" PflAlter: Crntralbl. f. d. med. Wiaarn., Bd. ▼. S. 321, 1887. 

■» Sr hater: I. or. rll.. toI. 1. pp. 162 and 133, IMS. 

“ Landola: *'T. B. of Physiol.," loth Amer. Ed., edited by A. P. Brubakar, 
p. 233, 1906. 



ADRENAL SECRETION AS OXYGEN CARKIBR. 


805 


pressure of the gas; while iu the latter ease such an extensive 
absorption could not take place.*’ 

Another series of experiments, performed by Bohr and 
Henriqucs,’ 4 further emphasizes the presence in the alveolar 
walls of a substance capable of absorbing the atmospheric oxy¬ 
gen. Mechanical obstruction of the aorta, if the proews had 
been one of diffusion, should have soon inhibited greatly the 
respiratory exchanges. These investigators found not onty 
that the exchanges were not ns markedly inhibited as is gener¬ 
ally believed, but that when, in addition to the aorta, the main 
branches given off by this vessel were closet!, the respiratory 
exchanges were sometimes increased. They reasoned that the 
absorption of oxygen was due to the presence iu the blood of 
substances “haring greater aridity fur oxygen than the. blood 
itself." That the increased absorption was due to the fact that 
obstruction of the efferent blood-paths caused the oxyphile sub¬ 
stance to accumulate in the lungs, is self-evident. 

On the whole, it seems plain that the respiratory process is 
carried on through the intermediary of some substance ca/ntlde 
of taking up the oxygen of the pulmonary air. Hut it Is in this 
connection that Bohr’s views have met their only true olistaele. 
He finally proved the jinjiortunt facts, which several cx|>cri- 
menters had prc\iously emphasized, that simple diffusion did 
not account for the respiratory proems and that a powerful re¬ 
ducing secretion was necessary; but he did not reveal the identity 
of this fccretinn nor the manner in which it curried on its func¬ 
tions. 

This is precisely the function I have found the secretion 
of the adrenals to fulfill. 


THE ADRENAL SECRETION AS TI1K limoi) CONSTITUENT 
WHICH TAKES l’I» THE OXYdEX OF THE AIK. 


Bohr suggested thut the pulmonary cells took an active 
part in the absorption of oxygen and the elimination of car¬ 
bonic acid gas, basing his hypothesis on the corresjionding phe¬ 
nomena observed in the air-bladder of fishes. In 1897, in a 
paper written in conjunction witli lien Tuples, 1 * be deemed it 


’* Bohr and Hrorlqum: 
“Bohr and tlrarlqun: 


Arrta. dr physiol., T. lx, pp. <59 and 819, 1897, 
Ibid., T. U, p. 819, 1897. 
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demonstrated that the lungs, “presumably by means of a kind of 
internal secretion ” could “modify the blood's holdings in oxygen 
and subsequently the distribution of oxygen to the corpuscles 
and plasma." 

My own conclusion that the secretion of the adrenals ful¬ 
filled this all-iuiportunt function was suggested by the reducing 
properties of adrenal extractives. Vulpian nearly fifty years 
ago 10 observed that the expressed juice of the adrenals gave 
ferric chloride an emerald-green color—the result of the 
juice’s affinity for oxygen, the brownish ferric salt being con¬ 
verted into the green ferrous salt. When suprarenal extracts 
came into general use they were found to be endowed with 
the same property. Moore” not only found them to be power¬ 
ful reducing subslancus, but Cybulski 1 * observed that even weak 
solutions of potassium permanganate destroyed the activity of 
suprarenal extract, the salt doubtless yielding its oxygen. Bat- 
telli, 1 * moreover, found that the activity of adrenalin did not 
become manifest “in the absence of oxygen.” Abel, Takamine 
and other chemists have laid considerable stress on this prop¬ 
erty, Takumine emphasizing the fact that an aqueous solution 
of adrenalin becomes oxidized by contact with the air. 

inasmuch as the adrenals secrete their product into the 
blood of the suprarenal veins which open into the inferior vena 
cuva, their secretion must necessarily find its way (ri« the 
heart) to the lungs. Again, since the blood of the inferior 
cavil meets that of the superior cava in the right auricle, all 
the blood of the organism, when about to be exposed to the air, 
cannot but lie supplied with a given proportion of adrenal secre¬ 
tion and be evenly distributed liy the venous blood among the 
seven hundred millions of air-cells that the lungs contain. 

Proof that the secretion of the adrenals actually passes up¬ 
ward by the inferior cava and that once in the lungs it takes part 
in the respiratory process, is strikingly furnished bv the experi¬ 
ments of Bohr and llenriqties. 3 " although these observers in no 
way refer to the adrenals. They found, ns we have seen, that 
when the aorta and the main vessels given off by this great trunk 


'■Vulpian: C. r. dr I'Arnd. des wl. dp Fnrla, Srpt. 29, 1836. 
,T Moore: Jour, of Phyalol.. vol. zvll. p. zlv, 1891-95. 

Cjrbulakt: Oazeta Lrkaraku. Mar. SI. 1895. 

’• flattclll: C. r. de la Sop. dr btol.. T. llr. p. 1435, 1903. 

* Dotar and llenrlqura: Lor. rtf. 
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were dosed, the respiratory exchanges were often increased— 
evidence that ail accumulation of the oxyphile secretion had 
occurred in the lungs. Now, matters were reversed when they 
also closed the only channel through which the secretion pusses 
upward, i.f., the inferior vena enva. “It is only when, along 
with all other arteries (excepting the coronary arteries)," write 
these investigators, “the vena cava [above the adrenals as 
shown by the report of their experiments] was also omitted 
front the circulation, that the exchanges dropped to the mini¬ 
mum.” 

The well-known action of adrenal extractive on the heart 
affords tangible proof of the passage of this secretion through 
the cardiac cavities. 

The investigations of recent years tend to sustain the view 
that the heart's powur to contract rhytlftuicully is distinctly a 
property of the cardiac muscle. Small pieces of the ganglion- 
free apex of the frog's heart, strips of the ventricle of the tor¬ 
toise, etc., will beat rhythmically a long lime when placed in 
suitable media, blond serum or artilically prepared fluids, saline 
solution, etc., especially if these contain calcium and potassium 
salts, and if they are kept supplied with oxygen under pres¬ 
sure. Yet "it must also be borne in mind," writes Stewart,- 1 
“that when we have localized the essential mechanism oT the 
rhythmicul contraction in the muscle of the heart, we ha\o still 
to ask whether this mechanism is not put into action by some 
stimulus external to the muscle." My imcstigations have led 
me to ascribe this function to the secretion of the adrenals. 

As far back as lHotf, lfmwn-Ncipiurd-* emphasized the im¬ 
portance of the venous Ij1o«k1 in cardiac dynamism. While ad¬ 
mitting that artcrini blood tended to promote the contractile 
power of the cardiac muscle, he contended that the contractions 
were due to a stimulating action of the venous blood. The 
erroneous belief that (*O a was the energizing agent soon caused 
this view to lie antagonized successfully. When the (,'() a is left 
out of the question, however, it becomes evident, that the blood 
of the inferior vena cava does contain a principle cupable of 


" Stewart: “Manual of PhysloloKy,” fourth edition, p. 131, 1800. 

_ " Brown-Sdquard: "Experimental Rcacarehcn applied to PhyalnlnRy ami 
Pathologyp. UM, 1853. 
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contracting the heart-muscle. Oliver and Schafer** and others 
have demonstrated conclusively that intravenous injections of 
adrenal extract produce "a powerful physiological action upon 
the muscular system in general, but especially upon the mus¬ 
cular walls of the blood-vessels, and the muscular wall of the 
heart/’ My own researches on the ox heart * 4 have led mo to 
conclude that some of the adrenal secretion which enters the 
heart with the blood of the inferior vena cava—which contains 
of course only reduced oxy haemoglobin—penetrates into the 
myocardium by way of the Thebesian foramina and that it plays 
a leading part in cardiac contraction. Mousset** also contends 
that the adrenal secretion acts directly on the heart muscle. 
As the adrenal secretion inevitably enters the heart with the 
blood of the inferior vena cava, it is difficult to conceive how 
it can fail to influence cardiac dynamism. 

This accounts not only for the experimental results re¬ 
corded by Brown-S6quard, but also for the now well-known 
powerful action of adrenal extractives in the various forms of 
cardiac adynamia shown by 'Reichert,** Crile,* 7 Martin and Pen¬ 
nington,** and others. Moreover, Beaman Douglass** found 
that when the ventricles of a turtle’s heart were detached from 
its auricles and left in the open air, they began to beat at once 
when immersed in a 0.001 suprarenal solution. This shows that 
its action on the heart is independent of the nervous supply of 
this organ, a fact also suggested by the increase in force of the 
contractions which occurs, as emphasized by Wallace and 
Mngk,*“ when “the vagus influence is removed.’’ 

That the adrenals supply to the blood of the inferior vena 
cava a substance capable of provoking the phenomena obtained 
'by inf ravenous injections of adrenal extractives is also fully sus¬ 
tained experimentally. Considerable evidence to this effect 
has already been submitted in the first volume. A summary of 
this evidence, enriched by facts found in literature since, may 
prove helpful at this stage. 

■ Oliver and Schafer: Jour, ot Phyalol., vol. »l, p. I, 1M; and vol. zvlt, 
p. Iz. 1895. 

-■* rj. yoI. I. pp. 431-454 of the first three editions. 

“ HouHPt : “Ln prinrlpea actlfa dca rap. aurrOnalra," 1903. 

"Reichert: Unlv. of Penna. Med. Bull.. Apr., 1901. 

" Crile: Uoaton Med. A Sunt. Jour.. Mar. 5. 1913. 

"Martin and Pennlniton: Amer. Med.. Nov. 31. 1903. 

" Beaman Doualaaa: Amer. Jour. Med. Scl., Jan.. 1906. 

" Wallace and Mogk: Amer. Jour, ot Phjralol., TOl. II, p. v, 1899, 
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Gottschau 31 observed in histological preparations of the 
adrenals that protoplasmic masses projected from the medullary 
cells into the central vein of the organ, and that very slight 
pressure upon the latter would cause blood containing these 
masses to issue from it. They then assumed the aspect of 
bright, intensely refractive and colorless granules, which, 
singly or in clumps of fifteen or twenty, were contained in the 
blood issuing from the organ. Manasse 33 also noticed that hya¬ 
line masses were secreted by rows of cells in the medullary 
canal of the adrenals and that they then passed into the ves¬ 
sels of the latter. A similar observation was recorded by 
Auld, 33 who refers to the secretion as a colloid. Stilling 3 '* 
found the granules referred to by (Sottscbuii not only in the 
cortical and medullary layers, but. also in the tissue spaces. 
Pfnundler 35 discovered similar granules in the liimina of the 
adrenal vessels and in the suprarenal vein where it opens into 
the vena cava. 

Again, Cybulski and Kxyiiionowicx 33 hnving convinced them¬ 
selves of the correctness of Hrown-Scquurd's conclusion that in 
animals from which both adrenuls bad been removed, the en¬ 
suing symptoms could all be arrested by intravenous injections 
of extracts of the glands, ascertained experimentally that living 
adrenals secreted the substance which gave adrenal extracts 
their characteristic properties, and that blood drawn from the 
suprarenal veins produced effects similar to those that follow 
injections of these extracts, lamglois 37 was able to corroborate 
these results. They were also confirmed by Dreyer in a series 
of experiments referred to liclow. Biedl 3 " ascertained that 
while fresh blood from oilier veins produced practically no effect, 
when slowly injected intravenously, blood taken from the 
adrenal veins injected in the same way caused the characteristic 
pulse and blood-pressure curves, i.e., a primary slight rise clue to 
the addition of the fluid, followed a few seconds later by an in¬ 
crease of volume and slowing of the pulse, and from one to one 

** Gottachau: Archlv f. Anat. u. Phyalol., Anat. Abtb., H. 412 . IMS. 

■ Manaaae: Archlv f. path. Anat.. Bd. cmv, 8. 203. 1894. 

■ Auld: Brit. Med. Jour., Mar It. 1884. 

M Btllllna: Arch. f. Path. Anat., Bd. da. 8. 234. 1887. 

. ■ Pfaundler: Bttaunga-Berlcht d. k. Akad. d. Wlaaenach. malhom . Bd. 
el. 8. 3. ISM. 

* Cytralakl and Sir mono win: Oaaeta Lekaraka., Mar. 28, 1886. 

m Lanalola: Revue aclentlflque. p. 303. 1887. 

• Biedl: Archlv f. d. icaatn. Physiol., Bd. lavll, H. 8 u. 10. 8. 443, 1887. 
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ami onu-liull minutes later by the maximum rise of blood- 
pressure. 

All this is further emphasized by experimental stimulation 
of the nerves supplied to the organs. To ascertain, if possible, 
the iduntity of their secretory nerves, Biedl tied the vena cava 
above and below the adrenal veins and inserted a cannula into 
the vena cava, suspending the nozzle of the instrument over a 
small drum connected with a recorder. The number of blood- 
drops falling upon the drum in a given time, as the blood- 
pressure in the vessels was increased by stimulating the nerves 
distributed to the adrenals, could thus be accurately recorded. 
Having cut both splanchnics in the thoracic cavity, he stimu¬ 
lated the peripheral ends electrically. “During the first 6 to 
U seconds,” Buys the physiologist, “the number of drops re¬ 
mained the same; at the 7ih second—sometimes later, about 
the 10th—a gradual increase in the number of drops occurred, 
until 20 to 25 seconds lind elapsed, when the number of drops 
multiplied 3 to 5 times.'’ The increased How continued from 10 
to 20 seconds after the current was no longur applied, and also 
nftcr the increased pressure in the organ's vascular supply, 
caused by the current, had ceased. The clTects could no longer 
be obtained when thu suprarenal nerves, which are remarkable 
for their size, were severed. Although Hiodl was thus able to 
demonstrate that the splanchnic contained libers which, when 
stimulated, increased the tlow of blood through the adrenals, 
he did not succeed in establishing their identity as secretory 
nerves. 

To settle this important feature of the problem, Dreyer, 39 
in n series of experiments, placed a ligature around the vein 
on either side of thu gluiul, the ligature “on the mesial side 
serving to tie off the central end of the vein, the other, on the 
lateral side, being used to tie in the cannula,” a straight glass 
tube. In this wav, the blood from the tube issued with cer¬ 
tainty from the gland. Specimens of the blood were then col¬ 
lected from the femoral vein, from the adrenal vein befofe 
stimulation, and from the adrenal vein during stimulation. 
The comparative effects of these various bloods when injected 
intravenously into the animals from which they had been ob- 


m llreyer: Amrr. Jour, of Physiol.. toI. II. p. 203, 1899. 
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taincd or into others, wen* then carefully munleil. 'I’he eight 
experiments reported demonstrated that excitation of the cut 
splanchnic not only increased the blood-flow, hut also the pro¬ 
portion of secretion in that blood. Both sets oP animals—those 
from which the blood hod been taken and the controls—when 
“stimulation** blood was injected into them, showed n eorres- 
jsinding increase of the characteristic ctreets of adrenal ex¬ 
tract. Briefly, using 1)rover's words: “A given bulk of adrenal 
blood taken during stimulation |of the cuti splanchnic| had a 
decidedly greater effect than the same bulk of normal blood, 
meaning by normal blood that which was taken when not stimu¬ 
lating.” The present status of t-ho question was reviewed in the 
first volume. 

It is plain, therefore, that the secretion of the adrenals 
themselves produces effects similar to those caused bv intra¬ 
venous injections of adrenal extracts. That this applies to hu¬ 
man ndrcnals was found by (fuinard anil Martin, who used the 
expressed juice of adrenals derived from an executed criminal. 

Finally, the symptoms of certain diseases or that follow 
extirpation of the adrenals strikingly emphasize a connection 
between these organs on the one hand and the heart and respira¬ 
tory process oil the other. In Addison’s disease, for example, 
the systole is greatly weakened and the pulse is small, extremely 
soft and compressible, lowering of general metabolism-— due 
to lowered general oxygenation—is shown by the facts that the 
temjieruturc, when no complication is present, is subnormal, 
nud that the extremities are cold. HoHcston in Allhutt’s Prac¬ 
tice 40 states that a cadaveric odor is sometimes emitted h\ these 
cases—a self-evident sign of lowered vitality. As emphasized 
by Scrgent and L. Bernard, n the identical svmptoius uscrilicd 
to Addison’s disease are met with in the many distinctive dis¬ 
orders of which the adrenals may he the seat. 

The effects of removal of thc<c organs have been reviewed 
at length in the first volume. Mi^t prominent among these, 
however, are, as first shown by Brown-Sequnrd, lowering of the 
temperature and of the hlood-prvssure, accompanied l»y intense 
weakness, hardly perceptible heart-heat, very weak and rapid 

" Rallcatnn: AUbutfs "Prartlri'," vnl v, p MO. l»7. 

41 Straenl and L. tk-rnurri. Arch gfn. dp mid , July, p. 27, 1099. 
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pulse, etc. That we are dealing with morbid phenomena due 
to aiisencc of the secretion of these glands was also demon¬ 
strated by Brown-S6quard, extracts prepared from healthy 
adrenals and administered subcutaneously having restored the 
experimental animals as long as the extracts were used. 

Pathological and physiological evidence, plus new data sub¬ 
mitted in the first volume, (1920) thus unite in pointing to the 
secretion of the adrenals as the constituent of the blood which 
absorbs the oxygen of the air, in order to carry on oxygenation 
of the body at large. We have ween that this has been confirmed. 

THE OXIDIZING SUBSTANCE (OXIDASE) AS A RESPIRATORY 
CONSTITUENT OF ALL ORGANISMS. 

In the first volume, I showed that the secretion of the 
adrenals lost its identity as such when it reached the lungs, 
and that when the venous blood had been exposed to the air of 
the alveoli and had become arterial, it contained a new sub- 
stuncc, the oxidizing substance. This compound was then 
traced with tiie plasma into the minute cupillories of the cellu¬ 
lar elements of the various organs and into the axis-cylinders 
of the nerves, neuro-fibrils, etc., and shown capable, moreover, 
of subserving therein not only the needs of nutrition, but also 
those of active function—in so far, at least, as the oxygen can 
contribute to these processes. 

Exception has been taken to my conclusions on this score 
on the plea that thu blood-plasma per se did not contain such a 
substance, this being based on results obtained with the gas- 
pump. We have seen, however, that shed blood does not give 
even an approximate idea of the oxygen-content of living 
blood, its oxygen being rapidly reduced by another constituent. 
This applies to defibrinnted blood as well, since the fibrin itself 
carries off a large proportion of the oxygen. The gas-pump 
is as useless an instrument in this connection as the aerotono- 
ineters referred to in the preceding section, and like them has 
contributed much to prevailing misconceptions. 

The blood-plasma of animals, including man, not only con¬ 
tains such an oxidizing substance, but its presence may lie dem¬ 
onstrated at every stage of organic life, i.e., in the vegetable 
and animal kingdoms. So important is this feature of the 
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problem, in .fact, that I deem it necessary to review some, at 
least, of the evidence at our di*|iosal to this effect. 

Stress was laid in the earlier editions of this work on the 
presence in the blood of what Selimiedeberg (1878 and 1881), 
Salkowski, Jaquct, and Abehms and Biarucs hud eharneterized 
as an "oxidizing ferment,’' freely soluble, ns shown hy Jnquct. 
in the blood fluids, Claude Bernard. I*uvv and lupine had 
found that the plasma could oxidize augur, (he proeess being 
accompanied by. the production of curiam dioxide, according !o 
Kraus. This was also found by I’ohl, Spitzer and other ols 
eervers to ap]dy to intracellular or tissue juices. Importance 
was attached to the fact thut Abelous and Binrnes had. in 1895, 
"succeeded in causing oxidation of salicylic aldchydu by means 
of blood-serum, that is to say, blond absolutely deprived of its 
corpuscles." and furthermore, that these chemists had found, 
us had Salkowski and Jnquct, that the passage of air through 
the blood during the experiment was an essential factor of the 
oxidation proeess. These experiments thus made it evident thut 
the oxidizing ferment in the blood-serum could absorb the oxyyen 
of the air and thru transfer it to the salicylic aldehyde, convert¬ 
ing the latter into sulicyhc acid. The iuqiortuncc of this fact, 
with respect to the general question in point, is very great, 
since it shows that the oxidizing ferment referred to can ful¬ 
fill precisely the role generally ascribed to tin* rarpwtrutar 
htrmoyloltin. In other words, while it is believed that this 
luemoglobin carries the oxygen from the seat of extcrnul respir¬ 
ation, the pulmonary alveoli, to the scat of internal respiration, 
the tissue-cells, the foregoing experiments have shown that, the 
plasma contains “oxidizing ferments” or “oxidases” capable of 
carrying on this identical function. 

Now, it happens that physiologists have failed so fur to dis¬ 
cover the identity of an important constituent of hamioglobin. 
(lanigec, 4 * for instance, after reviewing our knowledge of hiemo- 
globin, concludes that “without attempting to speculate beyond 

the facts which we possess”.“it may be assumed thut 

hemoglobin exists in the hhiod-cnrpusclcs in the form of a com¬ 
pound with a yet unknown constituent of the corpuscle.” 

It happens also that the blood contains a group of oxidizing 

" 0»m*ee: Beblftr'i "T. n. of Physiol ." sol. 1, p. 1S9, 1888. 
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ferments, or oxidases, the origin or source of which, in animals, 
has not been found. That these are also prominent factors of 
the vital processes is suggested by Howell’s 48 concluding re¬ 
mark, after reviewing briefly the most salient available data, 
that "such -facts as these lend great probability to the belief 
that eventually it will be Bliown that the oxidations in tho body 
are effected by the influence of oxidases or peroxidases acting 
singly or in combination or in sequence with the hydrolytic 
enzymes.” 

Again, Moritz Traube, 44 in 1858, called attention to the 
need of some substance in the blood which could act as inter¬ 
mediary between haemoglobin and tissue-cells to account for 
various phenomena witnessed. The term “oxidase” was intro¬ 
duced to describe ferment-like bodies which, without them¬ 
selves undergoing destruction, could so influence oxygen as to 
increase greatly its oxidizing activity. In 1858, Traube 48 had 
already emphasized the need of such a substance to explain the 
physiological action of the oxygen carried to the tissues by the 
haemoglobin—a substnnee which, lie thought, could take up oxy¬ 
gen from the oxyhemoglobin and transfer it to the tissues, 
thus acting as an “oxygen transmitter.” Experimental demon¬ 
stration of the existence of a body endowed with such proper¬ 
ties was not made, however, until 18T8, when Sohinicdcbcrg 46 
published his first paper, llis investigations, and particularly 
those of Jaquct and the other chemists referred to almvc, hav¬ 
ing shown that the hloodntK>r»#» contained a substance which 
could absorb oxygen from the air and then surrender it to re¬ 
ducing substances, thu requirements of cellular metabolism 
outlined by Traube were met. It could act, in keeping with the 
latter observer’s conception, as an “oxygen transmitter.” 

That a ferment was the active factor of the process was 
demonstrated a few' years later. In 1883 a .Japanese chemist, 
llikorokuro Yosliida, 47 found that the lacquer-forming juice of 
Rhus vernicifera underwent, while hardening, slow oxidation. 
He ascribed this phenomenon to a diastase which lost its 
power as such when heated to the ladling point. A French 

“Howell: -Text-book of Pbyalol.." p. 836. 1MB. 

“ Traube: "Theorle der Ferment wlrkunaen," Berlin, 1868. 

• Traube: hoc. rtf. 

“ Bchmledeberu: Archie f. riper. Path. u. Pbariu., Bd. el. S. 233, 1878. 

** Hlkorokuro Yoahlda: Jour, of the Chemical Soc., vol. illll, p. 471. 
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chemist, however, U. Bert rami, 4 " succeeded in isolating the 
ferment itself and termed it “laccase.'* .The juice from which 
he isolated this body was obtained by incising the tree Rhua 
auccedenea. He found that this cream-like juice could be kept 
in its normal state a long time in well-stoppered Lotties, but 
that as soon as it was exposed to the air, it became brownish, 
and soon acquired a thin, intensely black layer, insoluble in 
ordinary solvents and resisting the action of liquid alkalies and 
acids, t.e., lacquer. The process was due, as stated by Bertrand, 
to the very active absorption of oxygen from the air by the lac- 
case and oxidation of the remaining bodies of the juice, collec¬ 
tively known as “laecol.” It is plain that in order to do so, 
laccase acted as “oxygen transmitter.'' 

This latter process, and the fact that oxidation actually 
occurred, Bertrand was able to prove experimentally. Thus, 
1 gramme of hydroquinone in a one per cent, solution, shaken 
three hours in the prcsuncu of but 0.1 gramme of laccase and 
174.9 cubic centimeters of air was found to have abaorbeil 25.4 
cubic centimeters of oxygen. Kveii more (32 cubic* centi¬ 
meters) was taken up in a second experiment, in the presence 
of more air. In another investigation thu carbonic, arid output 
was also ascertained, the ratios lieing 23.3 cubic centimeters of 
O absorbed to 13.7 cubic centimeters of CO s output, in one ex¬ 
periment, and 20.H of O absorbed to 10.4 of ll() a in the sec¬ 
ond. A large number of plants of various kinds were then 
analyzed by Bertrand 4- and found to contain this laccase. With 
Jlourquelot, 00 he also found it in mushrooms, in gum nrnbic, 
etc. It is through the intermediary of luccase that, for in¬ 
stance, pyrogallo], gallic acid, tannic ucid and other familiar 
substances are oxidized. 

A property among others which distinguishes any vege¬ 
table or animal fluid or tissue that contains the “oxygen trans¬ 
mitter” is that of causing tincture of guaiac to become blue. 
This phenomenon was first observed in the nineteenth century 
by Taddev, Rudolphi, and IManclie. the bitter observer having 
found that boiling of an organic substance caused its fluids to 
lose this property; but it was only when Nehoenbein. thodiscov- 

■ O. Bertrand: Archives de physic ; . T. Till, p. 23. 18M. 

* Bertrand: C. r. de 1’Arad. dea acl.. T. rail, p. 168. iMfi. 

■ Boarquelot: C. r. de Is Soc. de blol , Ze Sdrle, T. II, p. fin, ISM. 
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erer of ozone, took up the question in 1856* 1 and showed that 
many plants gave the guaiac blue test, that it began to receive, 
serious attention. Since then, oxidases have been found by 
various investigators in so many plants that their presence 
may be regarded as universal. Indeed, referring to an oxidase 
he named “catalase”—a term which implies the function of 
“oxygen-transmitter” catalysis —Oscar Locw M wrote after 

a very large number of experiments: “There does not exist 
a group of organisms or any organ or even a single vegetable or 
animal cell that does not contain some catalase, as far as'the 
observations of the writer go. This general occurrence of cata¬ 
lase in the organized world cannot be accidental and must have 
a certain significance.” The oxidizing property was combined 
with that of catalysis (oxygen-transmission) in all these organ¬ 
isms precisely as in the case of the plants studied by Bertrand— 
and also in that of animals, as we shall see presently. 

One still meets occasionally in literature with the state¬ 
ment that respiration in plants is the Opposite of that in ani¬ 
mals, i.p., that while the latter take up oxygen from the air, 
plants absorb carbonic acid. Bachs showed over thirty years 
ago, however, that such is not the case. The absorption of 
carbon dioxide and excretion of oxygen by the chlorophyll of 
the leaves is concerned with the nutrition of the plant only; 
and this occurs in the daylight, while respiration goes on both 
day and night. The plant takes up oxygen from the surround- 
a * r gives off carbon dioxide, precisely as do animals. 
This fact udda greatly to the interest of the experimental data 
just outlined. Indeed, so strikingly like the respiratory pro¬ 
cess were the gasomctric results obtained by Bertrand that, 
although his experiments aimed only to establish the identity 
of the ferment which caused the oxidation of lacquer, he refers 
to them ns being “the first example of diastatie reaction with 
interchange of gases.” He also says that “it is all the more 
remarkable in that it [the interchange] resembles in a way 
artificial respiration, and one may at least suppose that it repre¬ 
sents a phenomenon very nearly akin to that attending respira¬ 
tion in the vegetable kingdom.” As interpreted from my 
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standpoint, this does not exemplify artificial respiration, but 
instead, the fdundation of the true respiratory process of plant* 
life. 

The blood of many invertebrates, which contains no blood- 
pigment, hscmocyanin or hemoglobin, has likewise been found 
to contain an oxidase, or oxidizing ferment. 

Pi4ri and Fortier** studied experimentally the blood of 
mollusks to ascertain whether it contained an oxidizing fer¬ 
ment. Freshly prepared tincture of guaiac had been found by 
Bertrand to turn blue when in contact with his laccasc. 
The labial palps of acephalic mollusks when dipped in a few 
drops of water to which one or two drops of tincture of guaiac 
had been added, showed blue streaks; tbc water also soon be¬ 
came blue. A similar effect was produced when the juices of 
a palp were dropped in tbe same solution. That this was not 
due merely to oxygen liberated by the living cells is shown by 
the fact that when Pidri and Bertrand exposed both the palp 
and the liquid to a temperature of r >0° to 60° (5., the activity 
of the oxidizing substance was enhanced. Now, Kalkowski* 4 has 
shown that the oxidizing body in the plasma is only destroyed 
at 100° C. (212° F.), the boiling ]»oint, thus identifying it as 
a ferment. Important in this connection is tbc fact, previously 
referred to (page 80-4), that when the blood lenves the arteries, 
its oxygen is rapidly exhausted by a plasmatic constituent. 
This is the substance, as will be shown later, that is destroyed 
between 50° and 60° C. The conclusion of Pidri and Fortier 
that the effects witnessed were ascribable to an oxidizing fer¬ 
ment is thus clearly sustained. The gills, treated in the same 
way, gave identical results; so did an emulsion of thirty-six 
macerated sets of gills and palps—a saturated solution of sali¬ 
cylic acid being used in its preparation to eliminate all possi¬ 
bility of bacterial intervention. 

These results, as emphasized by Pidri and Fortier, could 
not be ascribed to corpuscular, *.&, iron-containing hiemoglobin. 
A solution of this pigment, whether prepared with distilled 
water or with a saturated solution of salicylic acid, turned 
muddy-red when tincture of guaiac was added thereto. 
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Heated to the boiling point a few*minutes, a solution 
(whether prepared with salicylic acid or not) of macerated tis¬ 
sues such as the above no longer gave the guaiac reaction, not¬ 
withstanding prolonged shaking in the presence of air. Heated 
to 90° C., however, a portion of this solution gave a precipi¬ 
tate which, after being rapidly dried on blotting paper and dis¬ 
solved in distilled water, gave the reaction. A similar precipi¬ 
tate allowed to dry in the laboratory air first became gray, then 
black. Placed in water in this condition, it did not dissolve, and 
the liquid did not give the guaiac reaction, thus showing that it 
had been oxidized by taking up the oxygen of the air. Precisely 
the same results had been obtained by Bertrand with laccase. 

The gills and palps of molluslcs were found particularly 
active as compared to the blood. Ab these organs had given a 
positive reaction with other reagents, guaiacol in concentrated 
solution in distilled water (Bourquelot® 3 ) was used as control. 
This agent gives an orange-red color to a solution containing 
the oxidizing ferment. The gills of sixteen Ostrea edulis 
(oyster) were left three days m a saturated solution (90 cubic 
centimeters) of salicylic acid, then filtered. Three cubic centi¬ 
meters of this extract were then addud to a guaiacol solution, 
and an equal quantity to distilled water. The first solution be¬ 
came red; the second remained clear. These tests were con¬ 
trolled, in turn, by means of two others, the hydroquinonc and 
pyrogallol tests, with positive results. Hashed gills proved as 
active. Positive results were also obtained with blood (except¬ 
ing when boiled) from other parts of the body, but Pi6ri and 
Portier specify that the gills and palps respond most actively to 
the reagents. f*h§ye repented some of these experiments in 
the clam, oyster and sea mussel, and obtained identical results. 
The similarity between the chemical properties peculiar to the 
blood of the respiratory organs of mollusks, the oxidizing fer¬ 
ment and the vegetable ferment laccase, is evident. 

Crustaceans were found by Abelous and Biarn&s** .to .cor¬ 
respond with mollusks as to the presence of an oxidizing fer¬ 
ment. The hsemolymph of crayfish gave a positive reaction not 
only with the tincture of guaiac, but also with other reagents 
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used. Heating to 60 °- C. did cot prevent the reaction, but the 
latter no longer occurred after the boiling point had been 
reached. With Bohmann and Spitzer’s reagent (a solution of 
paraphenylene-diaminc), which gives a solution containing the 
ferment a violet color, Abelous and Biam&s obtained but a very 
alight reaction with generative organa and muscles, and decolor- 
a lion of the reagent in the case of the liver—due to reduc¬ 
tion—followed by intense violet coloration. Both actions of 
the ferfnent, reduction and oxidation, were thus manifest. 
The gills showed a marked reaction, and the violet color 
persisted. 

In a second set of experiments, the liver again showed the 
two phases of action, while other organs responded only slightly 
or not at all to the guaioe test, but the gills became blue “ very 
rapidly and energetically .” The guaiacol, hydroquinonc and 
pyrogallol tests also gave positive results. A precipitate oIh 
tained with alcohol, when dried and dissolved in distilled water, 
gave similar results, thus showing that the investigators were 
dealing with the typical oxidizing ferment. An important 
feature of these experiments is that when an extract of gills, 
a solution of pyrogallol, and water were placed in a tightly 
closed flask containing air, Abelous and Biarncs ascertained 
gasomctrically not only that oxygen had been consumed, but 
that carbonic acid had been evolved. 

The respiratory organs of these crustaceans clearly showed, 
therefore, that they contained the specific ferment. It became 
evident, also, that the function of these organs was to absorb 
oxygen and to transmit it to the elements represented by the 
pyrogallol in the reaction, namely, the tissqp-cells. 

That a close connection between the oxidizing ferment and 
the respiratory process actually exists is emphasized by experi¬ 
ments in vertebrates. In those of Mchmicdcberg, Jaquet, Sal- 
kowski, Abelous and Biarncs. the tissues of higher mammals, the 
horse, ox, calf, etc., were used; a fact which suggests that the 
domain of the oxidizing ferment is limitless in organic life. In 
batrachians, whose adrenals consist of a narrow patch, along each 
kidney and are connected with the main blood-vessels, arterial 
and venous, as in man, a direct connection lietween the oxi¬ 
dizing ferment and “the respiratory function” has been sug- 
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gested by C. Phisalix 87 (though this author, of course, refers 
in no way to the adrenals in this connection), as Bertrand had 
in respect to plants. 

Phisalix justly contended that if oxidizing ferments actu¬ 
ally presided over the chemical phenomena of respiration, they 
should be present in tissues, such as the skin, that arc capable 
of carrying on supplementary respiratory functions, lie there¬ 
fore studied the subject in Rana esculenta and tempomria and 
Bufo vulgaris. The skin of these batrachians was allowed to 
macerate in salt water and the solution thus obtained was 
placed in three tubes: the first specimen was boiled; the air in 
the second was removed and the tube sealed; the third was left 
open, and its solution exposed to the air. The contents of the 
first two tubes remained unchanged; that of the third became 
brown, the color proceeding downward from the surface. After 
a few days the liquid had become almost black. The connection 
between these and Bertrand’s experiments in plants is obvious. 
Now, we have seen that boiling destroys the ferment, thus ac¬ 
counting for the first tube's unchanged state; sealing of the sec¬ 
ond deprived it of air, thus showing that oxygen was indispens¬ 
able to the assumption of the brown color. Phisalix further 
proved the presence of the oxidizing ferment in the batrachian 
blood by submitting the expressed juice of frog’s skins to the 
guaiac test. The blue color appeared here as it had in plants 
and invertebrates, thus showing that the ferment could not only 
absorb oxygen, but also surrender it to reducing agents. The 
skin typified the lung surface, t.r., the external respiration, in 
these experiments, and the guaiac the tissue elements, i.e., the 
internal respiration* 

Additional evidence to the effect that the blood contains 
an oxidizing substance is that a similar substance is present 
in the liquid portion of milk, which, as stated in the first vol¬ 
ume, corresponds with and is derived from the blood-plasma. 

The first to draw attention to these reactions was Arnold,” 
who showed that “fresh cow’s milk on the addition of a little 
tincture of guaiac, gives a blue color of varying intensity.” He 
ascribed this phenomenon to the presence of ozone, but subse- 


"C. Phisalix: Jour, of physiol., vol. Mill, Suppl., p. 49, UN. 
■■Arnold: Arch. A Pharmak., Nu. 41, INI. 



0X1D ASK AS RESPIRATORY AOKNT IN A LX. ORGANISMS. 821 


quent labors showud its trim identity. Jhipouy, 66 llaudnitz, 66 
Uillet, 61 Nobccourt and Merklcn, 66 and others havo also found 
oxidase similar to that in blood. Spolverini* 3 observed that 
it possessed glycolytic properties identical to those of oxidase. 

As we will see farther on, Abelous and Aloy 66 recently 
found that the catalytic action of tiie oxidising substance was 
most active in the absence of air—precisely the condition that 
prevails in tissue respiration, i.e., cellular metabolism. 

Bourqudot 66 showed in 18!)7 that while milk could not itself 
oxidize directly, it could act as reducing agent and then oxi¬ 
dize. This action proved to be due to a substance to which he 
applied the term “anacroxydase”— i.c„ a ferment capable of 
carrying on the oxidizing process in the alwcnce of air, by means 
of oxygen derived from other constituents of the mudium of 
which it is itself an occupant. 

Returning to the blood of higher animals, we must not 
lose sight of the fact that all tests indicating the actual pres¬ 
ence of an oxidizing substance were based on the action of tis¬ 
sues upon reducing substances. As this might be ascribed to 
an excess of oxygen in these tissues irrespective of the presence 
in the blood-stream of any oxidizing agent, it is necessary to 
show that the blood itself can respond actively to guaiac. We 
have but to recall that the guaiac test is, in medical jurispru¬ 
dence, one of the most reliable in- the detection of human 
blood-stains, oven in the absence of hmmatin, the iron-con¬ 
taining constituent of haemoglobin. Seifert* 6 not only found 
that an almost colorless solution became "either at once or in 
the course of a minute or two, intensely blue,” but that the test 
“frequently demonstrates the presence of blood when the re¬ 
sult of the spectroscopic test is negative and hsematin crystals 
cannot be obtained." 

Finally, Jolles 61 demonstrated more recently that the human 
blood contained both oxidase and catalase (one and the same 
body, we have seen) and that the catalasic, i.e., catalytic. 
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power of the blood appeared to have a definite relation to the 
number of red corpuscles. This suggests clearly a relationship 
between these bodies and respiration; indeed, Duclaux 88 has 
expressed the belief that “oxydases are the diastases of respir¬ 
ation." 

On the whole, this evidence has been submitted to show (1) 
that an oxidizing substance occurs in the blood of ail living or¬ 
ganisms, i.e., from plant to man; (2) that it is a respiratory 
function that it subserves in both kingdoms, not oniy in so far 
as the tissues themselves are concerned, but also in respect to the 
organs which serve for the absorption of oxygen from the sur¬ 
rounding media: the gills, skin, and lungs; (3) that in all or¬ 
ganic life, plants, invertebrates and vertebrates, this oxidizing 
substance absorbs oxygen, and liberates it, thus acting as an 
"oxygen transmitter ” i.e., as a catalyzer. 

What is the relationship between this oxidizing substance 
or oxidaBe and haemoglobin ? 

THE OXIDIZING SUBSTANCE (OXTDASE) AS THE 
ALBUMINOUS CONSTITUENT OP HAEMOGLOBIN. 

Hemoglobin, as we have seen, occurs only in the blood of 
animals already far advanced in the evolutional scale, to in¬ 
crease, according to zoologists, its capacity for oxygen. As red 
corpuscles appear in still higher organisms, i.e., only in verte¬ 
brates—a relatively small proportion of the animal kingdom— 
it seeinB evident that they, too, are tardy additions intended 
still further to increase the blood-plasma's efficiency as an oxy¬ 
gen carrier port passu with the increasing needs of the higher 
animals. This is a necessary feature of their development, 
since, as shown by Claude Bernard, Magnus, Lothar Meyer, and 
Hoppc-Seyler, the blood “holds in solution an amount of oxygen 
greatly in excess of that which could exist in a state of simple 
solution." The history of the red corpuscle thus suggests that 
it acts as a storage-cell for the oxidizing substance, oxidase or 
catalase, which, in the light of the foregoing evidence, is re¬ 
quired to account for tissue respiration. 

With which of the known constituents of the blood-plasma 
or of corpuscles do these oxidizing bodies correspond ? 
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llio identity of this substance suggests itself when a source 
of confusion is eliminated, viz., the prevailing belief that tissue 
metabolism is accomplished by, or is due to, oxidation of tissue 
elements, and that the tissues are the seat of an exchange of 
oxygen and carbon dioxide similar to that beliuved to prevail 
in the lung. 

C. H. Barnes, professor of plant physiology at the Univer¬ 
sity of Chicago, wrote recently: 0 * “I diligently examined the 
most modern and most thorough text-books on physiology,” 
naming several familiar to us all, “but in them 1 found "no 
treatment whatever, indeed no mention whatever, of the real 
problems of respiration, that is, of what is happening in the tis¬ 
sues, the processes of which these external phenomena are the 

sign.The respiratory ratio has proved a veritable 

will-o’-the wisp, leading investigators into a bog where their 
labors and their thinking were alike futile. For, as a sign of 
what is going on within, the respiratory quotient is absolutely 
valueless.” 

The line of evidence offered by Professor Barnes is par¬ 
ticularly applicable in this connection, since it corresponds 
in a measure with that of Bohr, llaldanc and Lorrain Smith, 
and others, in respect to the pulmonary process: “Von Frey 
and Gruber 70 showed that in a dog’s muscle, with artificial 
circulation, contractions are accompanied by un increase in the 
carbon dioxide added to the blood, but they found this in¬ 
crease variable (46-10 per cent.) and less than the corrrspotutiiif/ 
absorption of oxygen , so that the respiratory ratio became low¬ 
ered during contraction. Tissot 11 showed that the production 
of carbon dioxide in excised muscles was increased if the muscle 
were killed by heat or were fatigued by prolonged stimulation. 
The output of carbon dioxide in such cases irns not related to the. 
rate of absorption of oxygen. Six years ago Fletcher,” using 
Blackman’s apparatus, the most intricate and accurate apparatus 
yet devised for following gaseous exchanges, showed that the 
evolution of carbon dioxide from excised frog’s muscles is inde¬ 
pendent of the amount of oxygen taken up during the period. 
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He distinguished, in the production of carbon dioxide, first, a 
short period (about six hours), which he thinkB dependent uppn 
the presence of oxygen; and second, a long-continued evolu¬ 
tion of carbon dioxide ‘due to chemical' processes occurring 
spontaneously within the muscle, in which complex molecules 
are replaced by simpler ones, with the conspicuous results of the 
appearance of [sarcolactic] acid and of free carbon dioxide/ 
He adds: ‘Under suitable conditions the occurrence of active 
contractions in an excised muscle is not accompanied by an in¬ 
crease in the rate at which carbon dioxide is yielded by the 
muscle/ though oxygen is abundantly supplied then by the 
blood.” 

"A great number of researches of the same tenor can be 
found in botanical literature,” continues the author. “A single 
example must suffice. In an elaborate paper, Purjewicz Ta shows 
that the variations in the carbon dioxide produced and the oxy¬ 
gen absorbed during a given period under various conditions 
are not parallel, the amount of carbon dioxide ranging within 
far wider limits than the oxygen. Thus, the carbon dioxide 
varied from 0.14 to 120 per cent, of the average; the oxygen 
varied from 0 to 48 per cent, of the average. Purjewicz, indeed, 
expressed his conviction that the respiratory ratio has no value 
as indicating the actual course of respiration, and would sepa¬ 
rate the taking up of oxygen and the production of carbon di¬ 
oxide bb two processes indirectly related.” 

This evidence speaks for itself. There is no more corres¬ 
pondence between the oxygen intake and the CO, output in the 
tissues than there is in the pulmonary process. What is there, 
however, to replace oxidation ? 

Armand Gautier/ 4 professor of physiological chemistry in 
the Faculty of Paris, as far back as 1881 called attention to 
the fact that the truly active and living portion of our celb 
(the nucleus and protoplasm) carried on its functions without 
the direct participation of free oxygen, and that it was only 
outside, aB it were, of the protoplasm itself and at the expense 
of its products, that the combustion phenomena occurred. To 
this extraprotoplasmic combustion he also ascribed the greater 
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part of the body’s heat and energy—the phenomena which, 
owing to their prominence, had alone attracted the attention 
of physiologists. Indeed, analogy could not but suggest, he 
thought, the direct participation of oxygen in the intraproto- 
plasmic processes. Surrounded as it was, inlua et extra, by 
oxygen, the animal organism logically suggested itself as the 
seat of a gradual though ceaseless combustion capable of supply¬ 
ing its heat and power. Gautier showed, however, that the 
protoplasm of our tissues carries on a function similar to the 
respiratory process of anaerobic bacteria, though unlike the lat¬ 
ter, it cannot, from simpler materials, aminoniacal salts and a 
few other mineral salts, elaborate albuminoid substnneus. But 
apart from the fact that it requires the latter ready-made, as 
it were, it is able to modify them, build them up in a complicated 
fashion and simplify them again without direct oxidation of the 
materials involved in the process. 

Evidence to the same effect is contributed by Barnes: 
“Pfliigcr, in the early seventies,” says this author, “discovered 
what seemed a peculiar form of respiration. He found that 
a frog put into a vacuum continued to give off carbon dioxide; 
and presently the same phenomenon was observed by Pfeffer 
and others in plants.” He also remarks in the same connec¬ 
tion: “Plainly the changes that were going on within the or¬ 
ganism which enabled it to give off carlion dioxide when no free 
oxygen was to be had could only be a rearrangement of 
atomic groups within the molecule and the formation of pro¬ 
ducts which were simpler than those front which they arose.” 
These are adduced by the author as examples of anaerobic 
respiration. After submitting additional testimony, he states 
that “the analogy between anaerobic respiration and fermenta¬ 
tion has been suggested early—even by Pasteur—and has thus 
been growing closer with each added bit of knowledge.” Morat 
and Doyon, TB in their recently published treatise, also state that 
“the view that the process which in the human organism pro¬ 
vokes a rise of temperature involves the presence of oxidizing 
ferments, is being increasingly accepted”; the present trend 
being that “ fermentation is the prevailing chemical process in 
living beings 


i* Morat and Dojoo: “Traits de phrmtoloslc.” Paris. IBH-IM*. 



826 


THB ADRBNAL 8BCRBTION IN RBSPIRAT10N. 


This coincides with Howell’s reference to the groat prob¬ 
ability that “eventually it will be shown that the oxidations in 
tiie body are effected by the influence of oxidases or peroxidases 
acting singly or in combination or in sequence with the hydro¬ 
lytic enzymes.” If, however, we eliminate therefrom the word 
“singly” which implies direct oxidation—a fallacy we have just 
seen—and the words “in sequence,” which can only be applicable 
to catabolism, leaving only “in combination .,” we will be brought 
within the precincts of demonstrated facts. Indeed, as will be 
shown in succeeding chapters, there is abundant evidence to the 
effect that in the tissues as well as in the alimentary canal, 
the oxidizing substance, or oxidase, acts in combination with 
hydrolytic enzymes. We have already seen, in the preceding 
section, that even in invertebrates there are two different sub¬ 
stances in the body fluids which respond to the guaiac test: the 
oxidase, which remained active up to the boiling point, and an¬ 
other which was invariably destroyed “between 50° and G0° C.” 
The identity of the latter suggests itself when we recall that 
while trypsin is found in all cells, its activity, as stated by 
Moore,™ “increases, according to Roberts, with rising tempera¬ 
ture, until G()° (■. is reached, and then rapidly falls.” 

In what form docs the oxidizing substance take part in this 
combination? We arc no longer dealing with oxygen simply 
liberated by the red corpuscles, us taught in text-books, but 
with a substance dissolved in the blood—that which reacts to 
the guaiac test. As shown by Julies,” the oxidase-catalases 
(found by Ijocw, we have seen, in the fluids of all animals and 
plants studied) are colloid, and are in solution in the 
blood. Jolles noted, moreover, that they showed, as previously 
stated, a striking characteristic, m., that their activity 
was in definite relation to the number of red corpus¬ 
cles present. Now, in the first volume (page 715), I 
had previously shown that droplets derived from the 
red corpuscles, traced by Hirsclifeld from the interior of 
these cells to the periphery and, through a minute aperture in 
the latter, to the surrounding plasma, were minute drops of 
oxidizing onbutanre —the so-called blood-plates, platelets, or 
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haematoblasts of as many authors, who had not discovered their 
true identity. Jolles thus not only contributes additional tes¬ 
timony to the presence of an oxidizing substance in the plasma, 
but he emphasizes a fact 1 had previously pointed out, viz., that 
it was through the red corpuscles that the blood-plasma was kept 
supplied, not with oxygen as now taught, but with its oxidizing 
substance or oxidase. 

With what substance known to lie present in the red cor¬ 
puscles does this oxidizing colloid correspond? Gamgce, we 
have seen in the preceding section, states that “it may l>c att¬ 
ained that lucmoglobin exists in the blood corpuscles in the 
form of a compound with a yet unknown constituent of the cor¬ 
puscle/* Elsewhere, however, he also writes that under the in¬ 
fluence of various chemical agents, hiemoglohin “undergoes a 
decomposition of which the chief products are an albuminous 
substance or substances, ami a colonmj matter which contains 
the whole of the iron originally present in the oxyhnemoglobin 
or luomoglohin decomposed/’ The albuminous substance is 
evidently tho “unknown constituent” referred to above, since 
he likewise remurks: “As to the true nature of the albuminous 
residue, we have very little knowledge.” 

It becomes a question, however, as to which of the two 
bodies mentioned, the albuminous substance or the coloring 
matter, is the one capable of leaving the corpuscle, since “col¬ 
oring matter” suggests that it might be the oxidizing sul>stuncc. 
But Gamgee 71 * says in this connection: “The coloring matter 
of the red corpuscles is not extracted from them by the 
plasma Schafer, moreover, states that “it is indilTusiblc 
through the unaltered envelope of the corpuscle.” ft is self- 
evident, therefore, tliut it is the albuminous constituent of lne- 
moglobin that is secreted in droplets by the red corpuscles. 

Finally, is the albuminous constituent of lucmoglobin se¬ 
creted by the red corpuscle the oxidizing substance? Were 
hsematin to leave the corpuscles at all, it could not fulfill the 
rdle of oxidizing substance, for as shown by Hoppe-Heyler 
(cited by Gamgee 79 ). “perfectly pure solutions of hiematin are 
quite unaffected by reducing agents.” Nor is haemoglobin, 
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harnmAifi and its albuminous moiety conjoined, endowed with 
the properties of the oxidizing substance, since, as shown by 
Pi6ri and Portier,* 0 a solution of this pigment, when tincture 
of guaiac is added thereto, turns a muddy-red. The oxidizing 
substance can only be, therefore, the albuminous moiety which 
is extracted from the corpuscles by the plasma. We have seen 
that, as shown by Jollcs, the activity of the oxidase-catalase is 
marked in proportion as the number of these cells is great; 
and also that as stated by Seifert," 1 a solution of human blood 
.becomes in the course of a minute or two, intensely blue, and 
that this test prevails even when liaemin crystals cannot be ob¬ 
tained. 

Summarizing thiB evidence, and pending additional testimony, 
we may conclude: (1) that an exchange of gases does not occur 
in the tissues any more than in the pulmonary alveoli; (2) that 
tissue metabolism or “respiration " is not due to combustion or 
oxidation of the tissues; (3) that tissue metabolism is due to a 
process of fermentation in which the oxidizing substance (oxi¬ 
dase, catalase, etc.) takes part; (4) that the oxidizing substance 
required for this function is supplied in. the form of droplets 
(the so-called “blood-platelets” or “luematoblasts") by the red 
corpuscles; (5) that the oxidizing substance is the albuminous 
constituent of hasmoglobin. 


Tllfi RED CORFU8CLE8 AS STORAGE-CELLS FOR 
THE OXIDIZING SUBSTANCE. 


How is the oxidizing substance held within the red corpus¬ 
cles pending its gradual distribution? This question brings to 
light another obscure feature of the problem. Howell,* 3 for 
instance, says: “The point that remains uncertain is the con¬ 
dition in which the hcemoglobin exists witliin the corpuscle. It 
is evidently not in solution, since the amount present is too great 
to be held in solution in the corpuscle, and moreover, even a 
thin layer of corpuscles is far from being transparent.” The 
answer to this is embodied to a great extent in the data sub¬ 
mitted in the foregoing pages: hiematin is a permanent resident 
of the red corpuscles; the oxidizing substance only remains 
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within its precincts until a substance having a very marked 
affinity for its oxygen ■‘extracts'* it, in the form of droplets— 
the minute “blood-platelets.” These, as emphasized in the pre¬ 
ceding section, are in reality droplets of oxidizing substance, 
of oxygen-laden adrenal secretion. As the latter leaves the 
adrenals in the form of colloid granules and is absorbed by the 
red corpuscles, the lucmoglobin in the cells meets the condi¬ 
tions defined by Howell: the 94 per cent, of oxygen-laden 
adrenal secretion they contain besides their lueinatin (which 
gives the blood its red color) is not in “solution;** it is composed 
of, hyaline masses sufficiently viscid when secreted by the 
adrenals to have suggested the term “protoplasmic masses” to 
Gottschau."* Indeed, as stated by I^andais,** luvmoglobin “is 
a colloidal substance.” 

Again, text-books of physiology teach that it is the iron of 
the lucmoglobin that takus up the oxygen of the air. We have 
seen, however, that in all the higher animals the substance 
which fulfills this function is the albuminous portion of hicmo- 
globin, that which contains no iron. This is further shown by 
the fact that it is this albuminous lmdy which in the blood ful¬ 
fills the rdle of catalytic or “oxygen transmitter," a role as 
clearly carried on in plants and invertebrate's, in which no hte- 
matin is present, as it is in animals supplied with this iron pig¬ 
ment. We have seen, also, that it is the substance which is 
outside the red corpuscles, this same albuminous Hulrntniicc, 
which turns guaiac blue; it is obviously not the hn>mutin, since 
this pigment remains within the corpuscles. Finally, if the 
iron-laden turmatin were the substance which absorbs the oxy¬ 
gen of the air to supply the tissues, it should also be capable 
of oxidizing guaiac, i.e., of turning it blue; but it does not; 
even when mixed with the albuminous sultstuncc it turns guaiac 
a muddy-red. Finally, the albuminous constituent is evidently 
the familiar carrier of oxygen, oxyhaunoglobin, for as stated by 
Hammarsten,” 0 the substance has “a direct action upon tincture 
of guaiacum.” 

This apparently- leaves the haematin without function, since 
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the only rdle ascribed to it at present is that of taking up the 
oxygen of the air. Its history suggests, however, that it is 
endowed with an important though different rdle. Indeed, we 
have seen that haemoglobin occurs in relatively few inverte¬ 
brates, whereas it is present in practically all vertebrates, •*.«., 
at a stage of the animal scale where the blood’s volumetric 
capacity must be greatly increased to satisfy the needs of greater 
aggregates of ceil colonies such as those of which the higher 
animals are composed. In the preceding section I termed the 
red corpuscles “storage-cells.” Indeed, their advent coincides 
with a time when, although haemoglobin is present, its mere 
dissolution in the blood fluids—as it is in some Annelides— 
would fail to supply enough oxygen to sustain all the vital 
functions of the organism. Griffiths, 88 for instance, says: ‘‘In 
the higher animals the corpuscles are of two kinds, red and 
colorless; but in the Invertebrata there are, as a rule, only col¬ 
orless corpuscles.” A role such as that I ascribe to the red cells, 
therefore, is a logical feature of animal evolution, since by stor¬ 
ing a large quantity of the oxygen-laden adrenal secretion or 
oxidizing sulistance, these cells meet the needs of advanced de¬ 
velopment. This involves, however, the presence, in the cor¬ 
puscle, of a body capable of anchoring the oxidizing substance.' 
Haematin is not only endowed with the properties required to 
fulfill this rdle, but there is in the red corpuscle no other sub¬ 
stance to assume it. 

That luematin has considerable affinity for oxygen is suffi¬ 
ciently emphasized by the fact that physiologists have long held 
and now teach, that its iron (Howell 87 states that hematin “con¬ 
tains all the iron of the original luemoglobin molecule”) com¬ 
bines with -the oxygen of the air, to carry it to the tissues. 
Given, therefore, a substance such as the oxygen-laden adrenal 
secretion in the blood-stream, and coincidcntly red corpuscles con¬ 
taining little else than hsematin, after circulating in the whole 
l»ody this hounatin should reduce the oxygen-laden adrenal se¬ 
cretion—provided the hold of the latter upon its own oxygen is 
sufficiently loose. We have seen, however, that such is not the 
ease, and that the affinity of the adrenal secretion for oxygen 
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is very marked. lleeuiutin does not deprive the adrenal secre¬ 
tion of its oxygen, but through its own affinity for the latter 
draws within the corpuscle both this gas and the adrenal secre¬ 
tion. The latter, after its exposure to thu air of the alveoli 
being, as we have seen, the albuminous constituent of hemo¬ 
globin, it serves, on entoring the corpuscle and combining with 
the luematin, to build up the hannoglobin molecule. The ha*- 
matin is evidently capable of thus causing an enormous pro¬ 
portion of the oxygenized adrenal secretion to enter the cell, 
for the albuminous portion of hamioglohin represents SI-4 per 
cent. (Gaiugee) of the whole. This dourly points to luematin 
as the agent which chuscs accumulation of the oxidizing sult- 
stancc in the red corpuscle and to the latter as a storage-cell. 

Evidence to this effect is also ufforded by the fact that such 
a function accounts for the existence of the albuminous com¬ 
ponent of lucmnglohin. We have seen that Gnmgec character¬ 
ized this body as the “unknown constituent of the lucinoglobin 
molecule." The iron of the luematin being solely credited with 
the role in respiration ascribed to hamioglohin ns a whole, this 
“unknown constituent," though it represents Uk per cent, of the 
entire molecule is devoid, according to present teachings, of all 
function! Again, ns lluinniarsten MI1 says, lucmnglohin “occurs 
only in very small quantities in arterial blond, in larger quan¬ 
tities in venous blood.” Why should such Ik.* the case if the 
iron of the luematin alone carries oil the respiratory process? 
The excess of lucmnglohin in the venous blood—which neces¬ 
sarily applies to the albuminous portion, since the iron does not 
leave the corpuscles—is another feature left in aiieyance by 
the prevailing teachings. With the red corpuscles as storage- 
cells, however, the reason for this becomes self-evident: In 
arterial blood the albuminous portion of the hamioglohin, i .«., 
the oxygenized adrenal secretion, is stored in the corpuscles; 
gradually, as it leaves these cells in droplets, we have Been, to 
circulate in the minute capillary networks of the cellular ele¬ 
ments into which the red corpuscles do not penetrate, it passes 
on, aa a worn-out substance, to the veins. Briefly, in the ar¬ 
terial blood, it is stored in the corpuscles, while in the venous 
blood it is free—though deprived of oxygen. 
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It becomes a question now as to where the red corpuscles 
are charged, as it were, with their oxygen-laden albuminous 
constituent, i.e., their oxyhasmoglobin. In the first volume 
(page 146), I submitted the following conclusions: “(1) When 
the secretion of the adrenals reaches the pulmonary alveoli, it 
absorbs oxygen from the air and forms with the latter a com¬ 
pound or ‘oxidizing substance.’ (2) A part of this oxidizing 
substance is absorbed! by the haemoglobin of the corpuscles and 
the balance remains in the blood-plasma.” All the evidence 
collected since has only served to confirm these conclusions. 

The course of the adrenal secretion from the adrenals to the 
lungs having been given in detail in the second section of this 
chapter (page 80G), the changes it undergoes when it reaches 
the alveoli need alone be reviewed in the present connection. 

The need of a secretion to account for tlie respiratory pro¬ 
cess pointed out by Bohr and subsequently defended by his col¬ 
laborator, Henriques, Haldane and Lorrain Smith, and Harley, 
has steadily gained ground of late. Pembrey, in a subsequent 
(190G) publication," 9 after a careful review of the respiratory 
process, concludes: “The body of evidence has thus been 
steadily increasing in favor of the secretory theory, especially 
as regards the absorption of oxygen.” We have seen, however, 
that for want of a known secretion to account for the phenom¬ 
ena witnessed, Bohr assumed that the lungB themselves sup¬ 
plied the secretion—a view sustained in no way by experimental 
facts. We have seen, on the other hand, that my own view 
that the secretion of the adrenals fulfills this function is backed 
by very strong testimony from whatever direction the question 
is considered, and that physiologists have confirmed it. 

Once in the close capillary network of the alveoli, the 
adrenal Becrction is only separated from the air they contain 
by an extremely thin layer composed of delicate alveolar mem¬ 
brane and its alveolar epithelium, which together are barely 
0.001 millimeter thick. Indeed, according to BOhm, Davidoff 
and Huber, 90 the capillary network, “which is extremely fine,” 
is “sunken into the epithelium.” Now it is in these extremely 

■ Pecnbray: HUl's “Resent- Advances in Physiol, and Bio-Chemistry." p. 
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fine capillaries that the red corpuscles containing the hucmatin 
meet the adrenal secretion. Both being reducing agents, they 
would simultaneously combine with the oxygen of the alveolar 
air and remain apart were it not for an important fact, viz., that 
the adrenal secretion, besides being free in the blood, is much 
more energetic as a reducing agent than the luematin within 
the red corpuscles. As & result, the secretion alone absorbs 
the oxygen of the air through the delicate alveolar membrane, 
and the blood in the capillary network is thus constantly satu¬ 
rated, so to say, with oxygen-laden adrenal secretion. It is at 
this stage that the corpuscular hreinatin comes into play. The 
red corpuscles—each of which, as stated by Howell, “forms a 
meshwork or spongy mass”—being surrounded by this blood, 
their luematin absorbs oxygenized secretion until replete, and 
ready, therefore, to carry on their active function as constitu¬ 
ents of the arterial blood, laden as they are with oxyliunnoglobiii. 

That a reducing agent actually exists in the lungs was 
emphasized by the labors of Bohr, Haldane and Hmith, and 
others. Gamier,* 1 twenty years ago, showed that a solution of 
ultramarine blue was decolorized when sprayed into the lungs. 
This can only be produced by a powerful reducing agent. Car¬ 
bonic acid and taurin, the only two possible components of the 
alveolar fluids which might act as such, failed invariably to pro¬ 
duce such an effect on the solution. Pcmbrey** also writes: “A 
still further piece of evidence in favor of the secretory theory 
is the great capacity of the pulmonary tissue to reduce alizarin- 
blue when, as in Ehrlich’s experiments, it is injected into the 
living body, and air is still passing in and out of the lungs.” 

That this reducing agent is the adrenal secretion is shown 
in various ways. Oxyhemoglobin is “readily decomposed,” as 
stated by Hammarsten,** by alkalies. Mooru and Purinton* 4 
and others emphasize the fact that the active substance of the 
adrenals is rapidly destroyed by alkalies. Hammarsten also 
saya that “oxyhemoglobin is insoluble in ether, chloroform, 
benzene and carbon disulphide.” Vulpian** found the ex¬ 
pressed juice of the adrenals insoluble in ether and benzene. 
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Moora BO states that the adrenal active agent is insoluble in 
ether, chloroform and carbon disulphide. Throughout the vari¬ 
ous stages of organic life, we have seen, the oxidizing substance, 
i.e., the oxyhamioglobin, resists all temperatures up to the boil¬ 
ing point. Cybuiski,“ T Moore, and others observed that boil¬ 
ing alone annulled the activity of the adrenal extractives. In 
other words, the chemical properties of the adrenal secretion are 
similar to those of free oxyluemoglobin, the product it becomes, 
as 1 pointed out in the first volume, after traversing the 
alveolar capillaries. 

Griffiths states that in Annelida the haemoglobin is dis¬ 
solved in the fluid Huxley called “respiratory blood,” and “does 
not belong to the corpuscles.” Nor docs it in man, in whom 
these corpuscles act only ns storage-cells. 

This evidence seems to me to warrant the following conclu¬ 
sions: (1) tlinl it is not the, iron of the htemoglobin as now taught 
which combines loosely with the oxygen of the. air to carry it to 
the tissues; (2) that this function is fulfilled by the oxidizing 
substance alone; (il) that the red corpuscles are storage cells for 
the oxidizing substance, i.e., the oxygenized adrenal secretion; 
(-1) that the corpuscular hie in a tin, owing mainly to its iron, is the 
substance which in the corpuscles acts as storage material; (5) 
that the affinity of its iron for oxygen causes it to combine loosely 
with the oxygen of the oxidizing substance, as fast as the adrenal 
secretion is being converted into the latter in the alveolar capil¬ 
laries; (0) that this process entails the absorption into the red 
corpuscles of all the. oxidizing substance they can accommodate; 

(7) that the red corpuscles do not, as now taught, supply free 
oxygen to the tissues through the intermediary of the plasma; 

(8) that droplets of oxidizing substance are abstracted from the 
red corpuscles, when any substance having greater affinity for 
its oxygen than the hirmatin appears in the bloodstream; (9) 
that it is the albuminous oxidizing substance ( oxyhamoglobin ) 
itself which is absorbed by the tissue-cells. 

To sustain adequately these conclusions, however, it is nec¬ 
essary to show that the oxidizing substance is present in all 
parts of the organism and that its chemical properties coincide 
wherever found with those of the adrenal secretion. 

* Moore: Jour, of Pbyolol., vol. (Til, p. sir, UM-K. 
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THE ADRENAL. SECRETION AS TIIE CONSTITUENT OF 
H.-EMOUlobix which, when oxidized, 
PRODUCES BRONZINO. 

As the albuminous constituent of hannogiobin, the score* 
tion of the adrenals must necessarily invudc all tissues. We 
have additional evidence to this effect in the pathology of Ad¬ 
dison’s disease, and particularly in that of its characteristic 
symptom, bronzing, which, ns is well known, may invade the en¬ 
tire surface of the body and all exposed mucous membranes. 
We are again, however, brought face to face with an unknown 
factor in this connection, viz., the true identity of the bronze 
pigment and its origin. Indeed, IIaIllmnrsten* ,, says that “so 
little is known about the structural products of nielanins or 
inelnnoids that it is impossible to give the origin of these 
bodies.”- In a special study of these pigments, Walter Jones'™ 
also states that "they have lioen the subject of a number of re¬ 
searches of chemical nature, yet for some reason these re¬ 
searches have been so fruitless that at the present time we are 
not in a position even to define a melanin in a chemical sense; 
in fact, we are not all agreed as to what chemical elements arc 
necessary constituents of the melanin molecules.” 

Alozuis and Amainl, 1 " 0 ]Harino-Zuceo, ,0, and Boinet, 1 "* 
found dark pigment in various organs after injuring or removing 
the adrenals. In Roinet’s cxjicriincnts this pigment proved to be 
identical with “bronze” pigment obtnined from the skin, mu¬ 
cous membranes and other structures derived from two fatal 
cases of Addison's disease. As 1 pointed out. in the first vol¬ 
ume, bronzing occurs in this affection only when the lesion of 
the adrenals is far adranretl, each of these organs (an indication 
of their important physiological function) being supplied, as 
shown by Langlois, fiourfein and others, with ten or eleven 
times the quantity of medulla required to sustain life. Lesions 
may thus be found poat-mortnn in the adrenals and no bronzing 
occur during life, merely because the local changes arc not suffi¬ 
ciently advanced, while, conversely, a lesion of the nervous or 
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vascular supply of tlio adrenals may so inhibit their functions, 
without entailing discernible local changes, as to cause marked 
bronzing. Under these conditions, any advanced lesion of the 
adrenals should give rise to bronzing irrespective of Addison’s 
disease. • Several such instances have been reported by E. Ser- 
gent and Leon Bernard 103 and o'thers, besides those referred to 
in the first volume of this work. 

In the first volume, I also stated (page 93) that bronzing 
was attended with “hamioglobin disintegration." The pigment 
found by Boinet in his decapsulatcd rats, and corresponding to 
the “bronzing” pigment, presented microscopically all the char¬ 
acters of haematoidin, a substance also found in old blood ex¬ 
travasations and in apoplectic clots, and which, as stated by 
Gamgec, is “certainly derived from hcemoglabin.” Melanin 
“may be uniformly regarded,” according to Charles, 101 “as a 
derivative of the blood pigment.” In a recent work, E. C. 
Hill 100 also states that “it is derived from the blood pigment.” 

Chittenden and Albro, 100 however, state that the presence 
of sulphur “in very appreciable amounts constitutes one of the 
reasons for the lielief that these substances have their origin 
in Rome protcid antecedent, while the absence -of iron , in most 
cases, excludes the view that they originate from the blood pig¬ 
ment.” That such is not the case, however, may he shown by 
the evidence these investigators adduce to support their con¬ 
clusion. Hemoglobin, we have seen, may be split into luematin, 
which contains all the iron, and the albuminous body, i.e., the 
oxidizing substance. Since, ns shown, all the iron remains in 
the corpuscles, it is self-evident that melanin may not contain 
iron and still form part of the luemoglobin molecule. As 
stated by Chittenden and Albro, melanin contains sulphur. 
TIub necessarily refers it to the albuminous constituent of hae¬ 
moglobin also, since Gamgec states that “the sulphur belongs 
to the albuminous part of the molecule.” Again, the presence 
of this element indicates that “haemoglobin belongs to the pro* 
teid compounds” (Halliburton 101 ), and inasmuch as it is the 
albuminous body which contains the sulphur, it is this body 
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which is of proteid nature. It is evident, therefore, that Chit¬ 
tenden and Aibro's conclusion that melanin does not originate 
from blood-pigment, cannot hold. 

Melanin remaining, therefore, a constituent of haemoglobin, 
t.e., the albuminous constituent 1 have identified as the oxidis¬ 
ing substance, there is good ground for the belief that it con¬ 
tains adrenal secretion. This postulate acquires additional 
strength in view of the cardinal role 1 have ascribed to this se¬ 
cretion in tissue metabolism, and the fact that the skin-fluids— 
of batrachians at least—show by their positive reaction to the 
guaiac test that the oxidizing substance is present in them. 

Points of analogy between hauiioglobin and melanin on the 
one hand, and the oxidizing substance considered as active 
through its adrenal secretion, on the other, arc discernible in 
various directions. Much of the chemical work done on the 
melanins, however, is misleading in that possible sources of 
orror were not taken into account. “If we consider for a mo¬ 
ment th*e method* which hnve been employed for the isolation and 
purification of the pigment," says Walter .Jones, “and at the 
same time grant that these substances may lie very sensitive, to 
the action of chemical reagents, and that it is also within the 
bounds of possibility that the composition of the pigment, like 
that of haemoglobin, is different for different animal species, we 
will then be in a position to appreciate just such a discordance 
of analytical results as that which actually exists.” 'Phis re¬ 
mark applies forcibly to the question in point, for if mclaiiiu 
should prove to lie the catalytic body it now appears to be, the 
promiscuous use of reducing and oxidizing agents cannot but 
have introduced contradictory results at every turn. 

The marked sensitiveness to the action of reagents to which 
Walter Jones alludes is confirmed by Abel and Davis, 101 ' who 
found that the composition of melanins isolated by them wus 
"easily subject to change by subsequent treatment of the ma¬ 
terial with alkalies." This- same sensitiveness attends the al¬ 
buminous constituent of haunoglobin; thus tlumgcc refers to 
it as being "characterized by remarkable instability.” Strong 
alkalies that cause the haemoglobin molecule to break down also 
annul the activity of adrenal extractives: "The use of alka- 

" Abel and Davis: Jour, of Bsper. Nrd., vol. I, p. HI, 1HS. 
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lies," write Moore and Purinton, 10 * "should he avoided in anj 
method devised for the isolation of‘the active substance, since 
the activity is thereby rapidly destroyed.” As Moore 110 has 
previously stated that alkalies supplemented by heat also caused 
oxidation of the reducing agent in adrenal extract, melanin 
should likewise actively take up oxygen through alkalies, if the 
kinship really exists: Jones refers to several experiments in 
which ammonium permanganate was used as oxidizing agent, 
at temperatures between 0° and 5° C. "Even under these con¬ 
ditions,” says this chemist, "the permanganate is almost imme¬ 
diately decolorized, showing that in alkaline solution the pigment 
is oxidised with the greatest ease." 

This not only clearly connects melanin with the adrenal 
secretion, but it does so with the adrenal secretion as a constitu¬ 
ent of the albuminous body. Indeed, we have seen that the sul¬ 
phur in haemoglobin belongs to the lat ter only, and that, as 
shown by Hicber 111 und llirsehfeld, 113 melanin also contains 
sulphur. 

Still, if melanin contains the adrenal secretion, the latter 
should also contain sulphur. The active principle of the 
adrenals contains no sulphur, the formula of adrenalin being 
C»ll ta NO a . The secretion, however, which embodies the active 
principle, contains this element. Manasse 11 * found it in the 
glandular substance. Metzger 11 * also obtained it from adrenal 
precipitates, Uurlier 110 found that adrenal sulwtancc gave off 
sulphur in the form of sulphuretted hydrogen when- heated to 
140° C. Sulphuretted hydrogen was also obtained by Kchinicdc- 
berg, 110 from melanin. 

Additional evidence is afforded by the fact that melanin 
is precipitated from its solutions by agents which act similarly 
on adrenal extracts. Just as Vulpian, fifty years ago, found the 
expressed juice of udrenals iusolublc in alcohol, ether and ben¬ 
zene, to which list others have added chloroform, so does Ar¬ 
thur JoncB refer, in his recently published paper, to an acid 
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preparation (adrenalin is not destroyed in aeid solutions) of 
melanin obtained by him, as being "insoluble in alcohol, ether, 
benzene, acetic ether and chloroform.” 

Again, several chemists have assimilated the chroiuogeu 
of the adrenals to pyrocatechin, a substance found in mucin, 
the urine, etc., and which, precisely as Vulpian observed in the 
case of adrenal juices, gives an emerald green color with fer¬ 
ric chloride and other characteristic tests. Krukciiburg 11 * 
suggested that the chromogenic substance contained pyrocate¬ 
chin. Brunner 11 " fgund that an alcoholic extract of adrenals 
gave practically all the reactions of this body. Muhlmaim 11 " 
likewise concluded that pyrocatechin was present in the 
adrenals, and observed that just as pyrocatechin became brown 
when exposed to light or to the action of alkalies, so did adrenal 
extractives. He held, therefore, that, inasmuch as the latter 
were powerful reducing agents, the adrenal secretion on enter¬ 
ing the arterial blood became oxidized and turned brown. This, 
he thought, accounted for the bronzing of Addison's disease. 
That this view is erroneous is obvious; for our arterial blood 
would, in that case, be oxidizing constantly the adrenul secre¬ 
tion irrespective of the presence of Addison's disease. Again, 
since this disease is associated with a destructive lesion of the 
adrenals, it would tend to prevent bronzing, rather than 
cause it. 

Yet, Miihlmann's conception, as interpreted from my 
standpoint, embodies the main feature of the process of bronz¬ 
ing, i.e., that it is a product of the tulrenats which, on becoming 
oxidized, turns brown in Addison's disease. What is the nature 
of this process? 

We have not far to seek. Since bronzing occurs only in 
the advanced 'stage of Addison's disease, and the pigment of 
bronzing appears in the blood after removal of both adrenals, 
it is evident that we arc dealing with a general lowering of the 
blood-pressure such as that which occurs, as shown by Strehl 
and Weiss, when the adrenal veins (through which the secre¬ 
tion reaches the general circulation) are clamped. This means 
relaxation of all the vessels, a torpid circulation and passive 
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infiltration into the cutaneous elements of Wood-plasma w>n- 
faining ni Miang substance. All functional processes being 
torpid, absorption of the exudates is delayed and may even he 
arrested in tissues supplied by the diminutive capillaries of the 
surface, where the circulation is at best sluggish. It is here 
that the pigment accumulates, in the epidermal layers, 
where it may become oxidised by what oxygen the fluids in 
which it bathes may contain or oxygen derived from the air. 
The presence of sulphur, iron and other elements in the sur¬ 
rounding tissues may so influence the process as to give rise to 
various hues—those witnessed in various cutaneous disorders. 

A similar process may occur in any organ. 

We have seen in the third section that exposure of oxidase 
to the air was followed by a similar process and that juices de¬ 
rived from the skin of batrachians first became brown, then 
black. Osier 110 Btates that in Addison’B disease "the colora¬ 
tion ranges from a light yellow to a deep brown or even black.’* 
Harlow Brooks’s 111 case of extreme anemia attended with dis¬ 
ease of both adrenals, in which there was a "dark brown, glossy 
pigmentation” of the skin also recalls the process of lacquer 
formation with the oxidizing substance of the latex tree, i.e., 
laccase, as described by Bertrand. In both these two extremes 
of organic life—man and plant—the reducto-oxidizing body 
had ceased to circulate in its normal channels, and, becoming 
oxidized,, was converted into the substance which in man pro¬ 
duces "bronzing.” 

On the whole, the following conclusions seem warranted: 
(1) that bronzing is due to an accumulation of melanin in the 
epidermal layers of the shin; ( 2 ) that melanin is a compound 
formed when oxidizing substance, i.e., the albuminous portion 
of htrmoglobin, has become vicariously oxidized in any organ 
(hasmatoidin) or in the shin; (3) that the constituent of oxidise 
ing substance which becomes oxidized, when melanin is formed, 
is the adrenal secretion; (4) that whereas melanin is formed in 
any pari of the body, the adrenal secretion circulates in all parts 
of the body. 
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THE ACTIVE PRINCIPLE OF THE ADRENAL SECRETION AS 
THE ACTIVE AGENT OF THE OXIDIZING SUBSTANCE. 

To render all the evidence submitted so far conclusive, the 
actual presence of the active principle of the adrenals in the 
oxidising substance, the albuminous portion of haemoglobin, 
should be demonstrated. 

The minuteness of the dose of adrenal that will provoke 
marked effects suggests that it is as an active principle that it 
must carry on its important function. “In order to produce 
a watimil effect,” says Schafer, 1 ** “a dose of not more than 
fourteen-millionth of a gramme of the active material per kilo 
of body-weight is all that is necessary. Now it is certainly true 
to say that one-fourtcenth of this dose will produce some effect, 
although not, perhaps, a very large one. We thus arrive at 
the astounding conclusion, that the active principle of the su¬ 
prarenal capsules, administered in the proportion of not more 
than one-millionth part of a gramme per kilo of body-weight, 
which would be equivalent to Ynooo gramme (less than Yum 
a grain) for an adult man, is still sufficient to produce distinct 
physiological results upon the heart and arteries.” The ac¬ 
tivity of minute doses has been emphasized also by the experi¬ 
ments of Moore and Purinton 122 and Reid Hunt.* 24 

Even these diminutive doses perceptibly influence tissue- 
metabolism. Oliver and Schafer 1 *" refer to a slight, transitory 
‘‘disturbance of the body temperature.” When the doses arc 
lethal the latter falls, but after large doses there is a distinct 
rise. Reichert 12 * observed an elevation of 1° F. in rabbits, ac¬ 
companied by increased metabolism. Ldpine 12 * states that the 
increase of blood-pressure is always followed by a rise of tem¬ 
perature. Morel, 12 * in four guinea-pigR noted a rise of from 
Yi° to 1° C. (0.9® to 1.8® F.). This is controlled by the well- 
known phenomena that follow removal of both adrenals. low¬ 
ering of the temperature was first noted by Brown-S6quard, 
and since by practically all experimenters. Vassalc and Zan- 
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/rogniiii'** observed it even during the prolonged post-operative 
life insured by leaving a portion of the medullary substance in¬ 
tact and in situ. Finally, as is well known, hypothermia is a 
marked symptom of Addison’s disease. 

If the oxidizing substance, whether linked with the color¬ 
ing matter as in higher animals, or not, as in the colorless blood 
of invertebrates, actually contains the active principle of the 
adrenals, this principle should be found in the blood-plasma. 
Its presence therein was shown by F. Battelli. 1 ** As observed 
by Oliver and Schafer, Langlois and others, the effects of adrenal 
extract only last three or four minutes—a fact which led to the 
belief that it was destroyed in the blood. Such was found by 
Battolli, however, not to be the case: Normal blood was rapidly 
ceutrifugalizcd. The serum thus obtained was acidulated, sub¬ 
jected to a temperature of 85° C. (which, as we have seen, de¬ 
stroys all active agents except the oxidizing ferment) and con¬ 
centrated by pressure. One cubic centimeter of this scrum 
invariably raised the blood-pressure. That* this waB due to 
adrenal substance was shown by the fact that the concentrated 
serum was rendered inert by precisely the conditions that affect 
adrenalin similarly, i.n., oxidation by exposure to the air, and 
variations of activity on exposure to sunlight, diffuse light and 
darkness. Quantitative experiments, moreover, showed that 
“normal serum in the dog contains adrenalin in the proportion 
of 1 in 10,000,000 to 1 in 20,000,000.” This is exclusive, of 
course, of that contained in the haemoglobin which had re¬ 
mained in the corpuscles. 

We have seen that the minuteness of the dose of adrenal 
extract that will produce distinct physiological effects is refer¬ 
red to by Schafer as “astounding,” its administration “in the 
proportion of not more than one-millionth part of a gram per 
kilo of body weight” to an adult man being “sufficient to pro- 
duoc distinct physiological results upon the heart and arteries.” 
In the more recently discovered active principles we have far 
more powerful agents even than Schafer employed in his 
experiments. Indeed, Beid Hunt 1 * 1 obtained the following 
effects with Abel's active cpinephrin sulphate:— 
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Rlaa nriihiud-prrMura 

0X63 niilllootba of a gram per kilo baly weight. . . S nun. Hg 

OJ33 millionths of a gram per kilo boily weight... 7 mm. Hg. 

0 40 millionths of a gram per kilo body weight . . 15 mm. Hg. • 

0.60 millionths of a gram per kilo body weight. . 20 mm. Hg. 

1 7 millionths of a gram per kilo tatty weight 04 mm. 

6.7 millionths of a gram per kilo tally weight 66 mm. Hg. 

“These results show/’ according to Hunt, “that cpincphrin 
sulphate is many times more powerful than the ay aeon# rjrtrarls 
of the medulla of the suprarenal obtained by Moore and I’urin¬ 
ton.” As adrenalin is at least as active as epinephrin sulphate, 
the proportion of the former active principle found in tin* 
plasma by Battelli corresponds with its “astounding” activity, 
especially when we consider that in Hunt's experiments, the 
quantities mentioned were added to that already present in the 
blood of the animals used. 

The fact that such minute quantities prove active is, from 
my standpoint, of great practical inqtortnncc, since, as shown in 
the first volume, and as will be further emphasised, many of the 
effects of drugs, poisons, and toxins are in reality due to the fact 
that they indirectly stimulate the adrenals, mid by thus causing 
these organs to increase the proportion of their secretion in the 
blood, correspondingly raise the blood-pressure, hustun metabol¬ 
ism, etc. 

That the blood-plasma contains the adrenal active prin¬ 
ciple is shown by considerable experimental evidence. 

In the first place, it is evident that ns previously shown, 
the adrenal secretion ns the constituent of the oxidizing sub¬ 
stance circulates in all parts of the body. This is demon¬ 
strated by the additional fact that it is found in shed blood 
in combination with other constituents of thu plasma, i.e„ in 
fibrin. 

Gamgec, as we have seen, found that very little was known 
as to the true nature of the albuminous constituent of luemo- 
globin, that to which 1 traced the adrenal secretion, lie states, 
however, that “the most interesting oliservatinns on the al¬ 
buminous products of the decomposition of oxylueinogloliin” 
were published nearly forty years ago by Kiihne, ,a * who showed 
that “when CO, is passed through solutions of pure oxyhicmo- 
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globin a flocculeut precipitate is thrown down which does not 
possess, as had been erroneously asserted by A. Schmidt, fibrino - 
plastic properties.” 

In the light of later experimental work, however, Kiihne’a 
observation is subject to a different interpretation. M. Ar- 
thus 1M refers to the blood coagulation as follows: “We know 
that the conversion of fibrinogen into fibrin, the fundamental 
phenomenon of coagulation in the blood, is caused by the ac¬ 
tion of a diastatic agent, fibrin ferment, thrombine, or plas- 
mase, produced by the leucocytes in the blood withdrawn from 
the vessels.” In the first volume I advanced the view that the 
body which converted fibrinogen into fibrin extra corpore was 
in reality the oxidising substance and that leucocytes absorbed 
some of the latter to carry on their own functions. Now Abelous 
and Biam&s 194 found that "dilution and a current of carbon 
dioxide precipitate the oxidizing substance "* from saline solu¬ 
tions of fibrin. This conclusion was based on the fact that when 
a filtered and very active solution of fibrin containing ten per 
emit, of sodium chloride is diluted with distilled water to seven 
or eight times its volume, a current of CO, passed through it 
causes the formation of a precipitate. “This precipitate,” say 
these investigators, “treated directly with tincture of guaiac be¬ 
comes intensely blue. Conversely, the liquid from which it was 
separated remains absolutely inactive.” Now, Kiihne, ns 
Gamgee says, asserted that the precipitate thrown down by 
passing CO, through solutions of pure oxylueihoglobin did not 
possess fibrinoplastic properties, lie found also, according to 
Gamgee, that this precipitate “docs not behave as a-globulin” 
and that “it forms long, colorless fibers” resembling connective 
tissue. It seems plain that his precipitate was simply fibrin. 
As such it hud obviously lost its fibrinoplastic properties and 
become a compound of fibrinogen and oxidizing substance. 

All this shows that Schmidt was partly right when he con¬ 
cluded that the precipitate in question had fibrin-forming prop¬ 
erties. But it proves, moreover: (1) that since fibrin is ob¬ 
tainable from blood drawn from any portion of the body, the 
oxidising Bubstance, which turns blue when treated to guaiac, 
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also circulates in all parts of the body, and (2) that since the 
adrenal secretion is a constituent of the oxidizing substance it 
circulates likewise in all tissues. 

In the second place, there is no legitimate ground for 
doubt that, as 1 have already pointed out, it is the adrenal se¬ 
cretion in the plasma which carries on all respiratory processes. 

When the secretion leaves the adrenals to reach the vena 
cava by way of the suprarenal veins, some of it at least must 
remain in the plasma. Thus l>reyer, whose c.\]ieriincnts have 
been referred to, obtained effects similar to those evoked by 
adrenal extracts with blood derived from the suprarenal veins 
and which had been defibrinated and then filtered through mus¬ 
lin. Biedl used blood which bad been both dutibrinated and 
centrifugalized, and lie specifics that it acted as effectually 
as the whole blood—a fact which led him to conclude that the 
“active substance” was “also contained in the scrum.'* The 
experiments of Battelli referred to above were nlso performed 
with serum , and it was in this fluid that he found adrenalin. 
While Biedl used scrum from the adrenal vein, Bnttclli analyzed 
serum from the general circulation—a fuel which indicates 
widespread distribution of the secretion. 

That it is a constituent of the plasma which appropriates 
the adrenal secretion is further shown hv the fact that the pro¬ 
portion of blond-coils in the circulating blond does not influence 
the respiratnry exchanges. I'enibrey and (lurlH;r ,i,B found that 
these remained the same in rabbits deprived by bleeding of one- 
half of their blond-corpuscles. As the liquid portion of the 
blood is restored at the expense of the lymph circulation, the 
proportion of red corpuscles was reduced one-half. I'ettcn- 
kofer and Voit ,ae have also shown that eases of simple ameinia, 
in which, therefore, the red corpuscles were greatly reduced in 
number, absorbed as much oxygen and excreted ns much curlmn 
dioxide as healthy men upon a similar diet nnd Ht rest. Sug¬ 
gestive in this connection is that this corresponds with Bohr 
and Hcnriques's previously mentioned observation that when all 
the arteries given off by the aorta were ligated, the respiratory 
exchanges were sometimes increased, and that it was only when 
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the inferior vena cava (the sole pathway for the adrenal secre¬ 
tion) was also obstructed that they dropped to a minimum. 
Thin plainly shows that it is the adrenal secretion which sustains 
the respiratory process. 

Finally, it is evident that all this refers to the free, *•«•» 
albuminous portion of the haemoglobin, for we.havc already seen 
that when the guaitic test was applied to a solution in which 
the contents of the mi colls, including the iron-laden liaematin, 
had been voided, a muddy-red color appeared instead of the 
typical blue. 

These three cardinal facts being established, the presence 
of the active principle of the adrenals in the blood-plasma of 
the entire organism asserts itself, since the heat and solubility 
tests corresjiond with the color test (the guaiac blue) at every 
stage of organic life, i.c., from plant to man. 

“Wc know,” write Abelous and Biarn6s, ,MT “that heat enables 
us to separate two substances from sodium chloride and other 
neutral salt solutions of fibrin: one substance is precipitated 
between 56° and S8° C. and another is only precipitated above 
70°.” The nature of the first precipitate is well shown in the 
following sentence of Schafer’s, 1 *" concerning blood-coagula¬ 
tion: “A temperature of 5G° C. prevents coagulation by pre¬ 
cipitating the fibrinogen upon which the coagulation depends.” 
Abelous and Binrncs refer to this body as “remaining inactive 
with guuiuc,” while the “fluid from which the precipitate hud 
been separated markedly oxidised guaiaconic acid,” gave 
the blue reaction. “This experiment shows,” add the authors, 
“that in saline macerations of fibrin, the oxidizing agent was 
not the globulin precipitating at 58°, but the globulin pre¬ 
cipitating above T0 D ." What they mean by the latter is ex¬ 
plained in the same paper by the statement that “the tempera¬ 
ture of too® C. causes organs [lungs, spleen, etc., and the fibrin”! 
to lose the property of coloring blue the tincture of guaiac, 
while a temperature of 50° to 60° does not abolish this oxidiz¬ 
ing property.” 

Now, wherever the oxidizing ferment has been referred to 
in its relations to temperature so far, we have seen that the 
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boiling point (100° C.) at least had to be reached before its ac¬ 
tivity was destroyed. This was found to be the case with the 
conducing substance of batrachians by Phisalix; of mollusks by 
Pi6ri and Portier; of crustaceans by Abelous and Dianita, and 
of plants by Bertrand. The last named chemist, for instance, 
states that the plant ferment laccasc “provokes direct oxidation 
of the bodies upon which it acts,” but he also says that “with a 
boiled solution of laccasc, or in the absence of oxygen [ thus 
affirming its identity ns a catalytic] it produces no coloration.” 
We must not, however, lose sight of the fuct that laccasc is an 
active principle , and that it is this principle alone which can 
withstand temperatures at least up to the Isiiling point. The 
same principle doubtless exists in the mollusks studied by Picri 
and Portier, since “50° and t»0°lY' and then !>0° were applied 
in turn to the fluids tested, nml their oxidizing activity only 
ceased when they had been Isiiled sonic minutes. 

A similar resistance to the action of heut is shown by 
adrenal extract. Indeed, it was believed at first that even boil¬ 
ing could not destroy its physiological activity, but Moore ,:l " 
showed that it ceased to act when the boiling was continued for 
three or four hours. Even the ad remits per nr, us observed by 
Cybulski, will no longer, ufter having been boiled, yield un ac¬ 
tive extract. 

That the active principle of the blood's oxidase and that of 
the adrenals are identical is further demonstrated by the fact 
that their solubilities likewise correspond. 

While Uamgec 140 states that lucumglohin, which, as well as 
oxyhacmoglobin, exists “in colored blood-corpuscles in the form 
of loose or unstable combinations with some other constituent,” 
is insoluble in absolute alcohol, chloroform, benzol, ether and 
other organic solvents, Yulpian 141 found that the expressed 
juice of the adrenals was also insoluble in organic solvents, al¬ 
cohol, ether, benzene, etc., and that this applied to the extracts 
of no other gland. Gautier 142 also refers to the extract as be¬ 
ing insoluble in alcohol, ether and chloroform. Gamgee in¬ 
cludes carbon disulphide among these agents. Moore states 
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that the active principle of the adrenals ia insoluble in ether, 
chloroform, amyl alcohol and carbon disulphide. 

The constituent of hemoglobin which can thus be precipn 
tated from its solutions is evidently contained in its albu¬ 
minous portion (94 per cent, of hemoglobin, the remaining 6 
per cent, being hematin), since it is also precipitated by alcohol 
as is laccase from its solutions, as stated by Bertrand, and from 
the extract of gills and palps of mollusks, which contain no 
coloring matter, as observed by Pifiri and Portier. Alcohol 
precipitated the active substance from fibrin extract—free from 
hematin, of course—in solution, as stated by Abelous and 
Biames. Now, adrenalin, which, as pointed out by Battelli, 
is widespread throughout the plasma, is precipitated by the 
same reagents. Takamine, its discoverer, found that it was in¬ 
soluble in alcohol, ether and chloroform. 

Conversely, adrenal extracts were found very soluble in 
water, by Vulpian, and the hyaline droplets or granules of se¬ 
cretion derived from the adrenals likewise by Manasse. 14 * 
Bertrand found the laccase of plants very soluble in water; the 
same property belonged to the oxidizing bodies in the crusta¬ 
ceans studied by Abelous and Biaro&s. Finally, adrenalin, 
though very slightly soluble in cold water, is soluble in warm 
water, and readily so at the temperature of the blood-stream. 

The correspondence between the chemical properties of ad¬ 
renal extracts, adrenalin and other adrenal extractives with those 
of the active principles of the oxidizing substance or oxidases 
wherever found thus shows that a ferment of which the active 
principle of the adrenal secretion is a type is the active agent in 
the oxygenation processes of all plants and animals. 

Concluding 11 km arks.— Peinbrey, 1 * 4 in the recently pub¬ 
lished work already referred to, clearly defines the two antagon¬ 
istic views as to the nature of the respiratory process as follows: 
(1) “The gaseous exchange between the blood and the alveolar 
air is due to the relative partial pressure of the gases in the 
blood and alveolar air, and can be explained according to physi¬ 
cal and chemical laws;" (9) “the gaseous exchange takes place 
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in opposition to the* known physical and chemical laws, is of 
a special nature, a vital process akin to the secretion and ex¬ 
cretion of glands/' As interpreted from the evidence and 
conclusions submitted in the present work, the second view as¬ 
sumes another aspect:—we are not dealing with processes which 
in any way Btand in opposition to known physical and chemical 
laws, but with processes in which the relative partiul pressure 
of gases does not enter at all. 

According to this interpretation, it is liecause the diffusion 
doctrine is a misapplication of the physical and chemical law’s 
referred to that its sponsors even at these advanced times fail 
to agree. “So great is the want of agreement and irregularity 
of the results obtained hy different observers with various forms 
of tonometer,” writes l’cmbrey, an able and impartial reviewer, 
“that the suspicion arises that there ore sources of fallacy in 
the methods.” The chief of these, us I have pointed out, is 
reduction of the oxygen of the blood during its passage into mid 
through the instrument. Indeed, when Bohr devised one 
“through which,” says Pembrcy. “a constant and rapid stream 
could be maintained,” the results were such as to show that 
“the absorption of oxygen in these eases could not lie explained 
by diffusion.” Iloldanc and Ijorrnin Smith not only confirmed 
these results, but in their experiments, “the pressure of the gas 
in the arterial blood [was] higher in every cage." * 

In the first volume, 1 pointed out that it was the secretion 
of the adrenals which took up the oxygen of the air to carry 
it to the tissues. We have seen in the present chapter that this 
conclusion was warranted. I may add that at every step of these 
researches an earnest effort was made to find evidence tending 
to weaken this conception and that not a single experimental 
fact was found which did not harmonize with it. That the 
diffusion doctrine has totally failed in this connection even 
among its defenders, we have seen. In comparison with this 
doctrine at least, therefore, the following conclusion stands 
proven:— 

The physiological function of the internal secretion of the 
adrenals is loosdy to combine with the oxygen of the air in the 
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' Anuofoxiom-Ai the term "oiyhanoglobin” includes 
tin hematin of tin hemoglobin molecule as well as its albumin* 
one eonitituont (the oxidizing substance or oxygenized adrenal 
secretion), it cannot he need to denote the latter, which alone 
carries on all oxygenation processes, Nor is the term "oxidis¬ 
ing substance" applicable, since it refers to any pit capable 
of oiiimg. Hereafter, therefore, 1 will call this body 
iiiiwtiiiii,'' a terra which embodies four salient features: 
its origin, the adrenals; its general distribution as suggested by 
"oxidase;” the identity of its active principle not only as a 
ferment, likewise suggested by "oxidase,” but also as a catalytic, 

a property common to all oxidases, 



CHAPTER XIV. 


THE ADRENAL ACTIVE PRINCIPLE AS THE 
FERMENT OF FERMENTS. 

ADRENOXIDASE AS A CONSTITUENT OF ENTEROKINASE 

Ain) OF TRYPSIN. 

* • 

Notwithstanding the vast labor devoted to the pancreatic 
and other intestinal ferments, their nature has remained obscure 
to this day (1981). Moore, 1 for instance, writes: "Practically 
nothing is known of the enxymes of the small intestine save 
their action on foodstuffs, none of them have been obtained 
in even approximately pure condition, and the fact that they 
are enxymes rests on the observation (1) that the action is de¬ 
stroyed by boiling and (2) that it takes place under antiseptic 
conditions." Ab the oxidising ferments alone resist heat 
up to the boiling point; and as Schoenbein* found oxidases in 
all secretions, the likelihood that the adrenoxidase plays an im¬ 
portant part in intestinal digestion is very great, especially in 
view of the fact that all secretions obtain their fluids from the 
blood. This is further emphasized by the facto that the active 
principle of adrenoxidase is a catalytic, as we have seen, and 
that the ferments are known to possess this property. Thus, 
Moore, after defining the meaning of catalysis, states that "fer¬ 
ment actions are such catalytic reactions.” 

A zymogen or mother-substance, as is well known, is itself 
inactive. “The enzymes of the pancreatic secretion are de¬ 
rived from the granules in the cells,” says Howell,* “but other 
facts show that the granules do not contain the enzymes as 
such, but a preparatory material or mother substance to which 
the name zymogen (enzyme-maker) has been given.” Stewart, 4 
moreover, states that the “fresh pancreas is devoid of trypsin,” 
but that “it contains a substance which min readily be changed 
into trypsin; and this substance is soluble in glycerine, for the 
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inert extract becomes active when it is treated with dilute acetic 
acid, or even when it is diluted with water and kept at the body 
temperature.” Of the manner in which this occurs, however, 
nothing is known. 

Recalling some of the properties of adrenal extractives, the 
process involved in the experiments outlined by Stewart sug¬ 
gests itself. In all processes attended by catalysis water is 
necessary. Moreover, as shown by Hoppe-Seylcr,® Nencki 0 and 
others, fermentative reactions are invariably accompanied by 
hydration; in other words, as stated by Bunge/ “these processes 
can only take place in the presence of water.” Hence, a glycer¬ 
ine extract of pancreatic mother-substance will not act unless 
water be added to it. Now, we have just seen that such an 
extract simply “diluted with water” becomes active. This Ap¬ 
plies equally well to the corresponding effect of the dilute acetic 
add referred to by Stewart. The water of the acetic acid solu¬ 
tion acts in the same manner, but as dilute mineral acidB arc 
even more active diluents for the adrenal extractive than water 
alone, the operation is facilitated, and a very active ferment is 
obtained. 

This entails, however, the need of oxygen. Sakharoff 8 re¬ 
cently showed that oxygen was a sine qua nun in the action of 
ferments. 'Starch-paste containing diastase and heated to 50° 
C., but covered with a thick layer of boiled oil, produced no 
sugar, while a similar preparation, minus oil, i.e., exposed to 
the air, produced sugur. This ]mrtion of the fermentative pro¬ 
cess evidently begins ns soon as the ferment is formed in the 
organ, since Barcroft and Starling" state, basing tlicir conclusion 
on exhaustive chemical and gnsomctric experiments, that “the 
pancreatic secretion is accompanied by an increased oxygen ab¬ 
sorption,” thus confirming Snkhnrnff’s observation. 

That a direct connection between oxygen and trypsinogen 
in the formation of trypsin occurs, was, in fact, shown by Heid- 
enliain over thirty years ago. 10 Indeed, Edkins 11 includes 


■ Hoppe-Seyler: PflHg*ra ArrhlT. Bd. all. S. 14. 1878. 

* Nenrkl: Jour. f. prakt. Chrmlr, Bd. aril, 8. 106. 1818. 

T Bunge: "Phyalol. and Path. Chrmlatry.” arcond American 


edition, p. 168, 


1 Sakharoff: Rouaaky Vratrb. Apr. H. 1801. 

■ Barrroft and Starling: Jour, of Phyalol., toI. ml, No. 8. p. 481, 1904. 
“ HHdnahaln: Arch It f. d. gra. Phyalol., Bd. a. 8. 667, 1876. 

“ Ed kina: BcMfer’s “T. B. of Phyalol.,’* vol. I, p. 668, 1888. 
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among the conclusions reached by lleidcnhain the following: 
“If an inactive glycerine extract of fresh pancreas lie dissolved 
in sodium bicarbonate, 1 to 2 per cent, passing through it of 
oxygen will cause the same to become active.*’ Moreover, “the 
converse of the change brought about by the influence of oxy¬ 
gen may also occur, for, through the deprivation of oxygen, ac¬ 
tivity becomes lost.” 

Closely related to the process is the source of the oxygen 
thus consumed. Barcroft and Starling found that the “in¬ 
creased oxidation” of trypsinogen "lakes place irrespective of 
increased blood-flow through the organ.” This confirms a cor¬ 
responding observation of t). May 14 that "there is no direct re¬ 
lationship between the rate of secretion of pancreatic juice and 
the extent of the blood supply.*’ It is evident, therefore, that 
inasmuch as the quantity of blood supplied to the organ is not 
increased while the absorption of oxygen is, the source of the 
excess of oxygen must have been the blood itself. “Excess,** in 
tills connection, normally entails the presence of stored oxygen, 
or rather, of stored adrenoxidase, ami of storage-cells, the red 
corpuscles, both of which, as 1 have shown in the foregoing 
chapter, are available. 

The fact that the blood-flow through the organ is not aug¬ 
mented appears to conflict with the memorable observation of 
Claude Bernard that increased activity of the submaxillary 
gland is attended by an increased flow of blood through the or¬ 
gan, but as I have shown in the first volume (page 557. r i), the in¬ 
creased flow is not at the expense of the general circulation, but 
is. due to the shifting of a portion of the blond contained in 
the arterioles of the organ to the capillaries of its secretory 
elements. The details of the mechanism will lie submitted 
later. The result as to increased blood in the organ remains 
the same. Indeed, Landois 1 * says, referring to the pancreas, 
that “during the act of secretion the blood-vessels behave like 
those of the salivary gland after stimulation of the 
facial nerve; they arc dilated, the venous blood be¬ 
ing bright red.” The direct participation of oxygen in 
the formation of trypsin is also referred to by the same au- 


“O. Nay: Jour, of Physiol., vol. xn, p. 4IS,1«®4. 
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thor, 14 in tile following words: “Trypsin results through' the 
talring of oxygen within the pancreas, from a mother substance, 
zymogen, whjch collects in the interior of the secreting cells.” 

The manner in which the adrenoxidase is brought into 
contact with the pancreatic trypsinogen has been reviewed at 
length in the first volume. I may repeat, however, my eighth 
conclusion (page 405), that “the true secreting cells and those 
of the islands [of Langerhans] being in continuity and sur¬ 
rounding a common lumen (Opie), both bodies—(1) the zymo¬ 
gen, or trypsinogen-forniing granules, and (2) the plasma con¬ 
taining the splenic ferment uitd the oxidizing substance [adren¬ 
oxidase]—meet in this common lumen, which connects with the 
terminal ramifications of the pancreatic duct.” The process of 
trypsin formation, as I interpret it, thus involves the secretory 
functions of the spleen, in accord with the views of Schiff, 
Herzen, Paclion and (lachet and others. “Such a ‘charging’ of 
the pancreas by the spleen 1ms been repeatedly suggested by 
Schiff,” says Hammarstcn, ,B “and his statements have not only 
been confirmed by these recent investigations but in part also 
explained.” The more recent experiments of Levene and 
Stookey 14 afford additional evidence in the same direction. 

The functional relationship between trypsin and the intes¬ 
tinal juices, i.e., the succus cntericus, includes a kindred process. 

An editorial writer' 1 recalled the fact, referring to the 
succus entcricus, that in tlic case of trypsin, “it had been found 
that the presence of a special body is necessary before the fer¬ 
ment is capable of exercising its activity.” As to the nature 
of this agent, he says, “it has now been shown that thiB trans¬ 
formation iB effected by a peculiar substance which has been 
termed enterokinane and which apparently belongs to a special 
class of cellular products which in themselves are inactive, but 
are capable of activating certain ferments. Of the mode of 
action and the chemical nature of enterokinase, we know prac¬ 
tically nothing, and its origin even 1ms not as yet been definitely 
ascertained.” 

Pawlow, 18 who introduced the term “enterokinase” nine 

*• Lindoli: /MS., p. 90S. 

“ Hammareten: "T. B. of Phyalol. Chem.." fourth Amer. edition, p. 3S3, 1(04. 

" Levene and Stookey: Amer. Jour, of Phyutol., to!, all, p. 1, 1(04. 
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years ago, refers to it in tlie following tonus: **Thc amocus en- 
tericus undoubtedly possesses the striking enpability of augment¬ 
ing the activity of the pancreatic ferments , and more especially 
the proteolytic. Jn the ease of the latter, the increase often 
reaches to an astonishing degree, lie who has once convinced 
himself of this by experiment will never doubt for u moment that 
this accentuating influence is the most important function of the 
8uccu8 entericus ." He also remarks: “The application of the 
usual testa for ferment action—namely, destruction hg boiling, 
activity in very small quantities, and so on—convinced us 
[Schepowalnikow, his collaborator and himself | that in this 
case we were dealing in point of fact with a ferment. We had, 
therefore, discovered a ferment, not for this or that constituent 
of the food, but a ferment of other ferments." * 

More recent work has only served to confirm Pawlow and 
Schcpowalnikow’s deductions. Thus, lhiyliss and Starling'* 
were led, by a study of the literature of the subject and com¬ 
prehensive personal experiments, to conclude that while “tryp- 
sinogen is a stable l>ody,” .... “it is converted into trypsin by 
the action of entomkinasc.'’ They also state that “trypsin is 
not an expression for two Isidics, enterokiuase and trypsiuogen 
acting together, hut is a third substance produced ns a result 
of the interaction of those two liodics, i.e., enterokiuase acts on 
try psi nogen like a ferment ( Paw low) and converts it into tryp¬ 
sin ." Finally they oliservc that cntcrokinnsc “bus an extraor¬ 
dinary power of influencing the pancreatic juice” and that in 
one experiment O.OOfll cubic centimeter of an active cutcro- 
kinase “was able to activate 5 cubic centimeters of pancreatic 
juice in three days.” 

That cntcrokinase, the identity and origin of which, we 
have seen, have remained unknown, contains adrenoridase is 
shown in various ways. We have seen that while the activity 
of trypsin rapidly declines after 00° C .—which means that its 
zymogen, trypsinogen, is destroyed at that temperature—adren- 
oxidasc is only destroyed when the boiling point is reached. In¬ 
deed, as observed by Moore and others, its active principle, that 
of the adrenals, requires several hours’ boiling before yielding. 


* The Italics of the teat #»* words are Prof. Pawlow’s.—S. 
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Now, enterokinase presents the same peculiarities. Not only, 
as stated by Pawlow, must the boiling point be reached for its 
destruction, but as observed by Bi6ry and Henri,** heating it 
twenty minutes to 120° C.—20 degrees above boiling—may not 
entirely destroy its action. We have seen also that all adrenal 
extractives are extremely sensitive to the action of alkalies. 
“The active trypsin,” says Howell, 11 the trypsinogen plus 
enterokinase, “is very easily destroyed, especially in alkaline so¬ 
lutions.” That enterokinase is, like adrenoxidase, an oxidizing 
agent, is demonstrated by the experiments of Heidenhain, Sak- 
haroff, and Barcroft und Starling. 

Other facts point in the same direction. Schoenbein* 1 
over forty years ago showed that the blood and the various se¬ 
cretions of animals, as well as the juiceB of the many vegetable 
tissues studied, produced a blue coloration with guaiac in the 
presence-of hydrogen peroxide. He ascribed this property to 
the presence of soluble ferments, trypsin, pepsin, etc. As 
stated by Oscar Loew, 23 however, “investigations of recent 
years have shown that the blue guaiac reaction is due to a 
separate enzyme belonging to a new group of oxidases .” In the 
light of the evidence adduced, the “oxidases” were obviously 
combined with soluble ferments referred to by Schoenbein. 
Finally, in the earlier editions (page 729), I concluded that “the 
oxidizing substance [now adrenoxidase] corresponds with Ehr¬ 
lich’s amboceptor.” Benjamin Moore, 24 alluding to the inves¬ 
tigations of Dclezenne and Dastru and other French observers, 
says that they “regard the enterokinase as an ‘amboceptor* in 
the language of Ehrlich, which serves to link together the 
attacked proteid and the trypsinogen, and so invokes the pro- 
teid cleavage.” 

Considered collectively, all these experimental facts indicate 
that the substance termed by Pawlow “enterokinase” and also 
“a ferment of ferments " contains adrenoxidase. 
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ADRENOXIDASE AS H BECRETIN; n ADRENOXIDASE PLUS 
NUCLEO-PRUTE1D AS ENTEROK1NASE, AND THE 
ACTIVE PRINCIPLE OF ADREN OXIDASE AS 
THE FERMENT OF TRYPSIN. 

As is well known, the activity of ferments is dependent 
upon the temperature to which they are exjioscd. “The diges¬ 
tive enzymes are very sensitive to changes in temperature,'' 
writes Moore,** “they all act most energetically at or slightly 
above the body temperature.'’ The words “slightly above the 
body temperature” are very suggestive when it is recalled that 
fever and even hyperpyrexia mean a rise of but a few degrees 
above the normal temperature. Ilainniarsten 3 * stales, for ex¬ 
ample, that “many circumstances exert u marked influence on 
the rapidity of the trypsin digestion. With an increase in the 
quantity of enzyme present the digestion is hustened at least 
to a certain point, and the same is true also of an increase in 
temperatpre at least to about -10° C. [101° K.J, at which tem¬ 
perature the protcid is very rapidly dissolved by the trypsin.'' 
He also says, referring to fibrin, the proteid generally used for 
such experiments: “Very considerable quantities of this pro¬ 
teid body are dissolved by a small amount of trypsin at 37° to 
40° C. [98.0° to 104° F.j.” When we recall that MetclinikolT 
found that it was a trypsin which destroyed Imctcria in his 
phagocytic leucocytes, we cannot but admit that there is a 
striking coincidence between the febrile state and the tempera¬ 
ture at which a germ-destroying ferment is very active. This 
suggests that we are dealing in this connection with an import¬ 
ant feature of pathology. 

How is the rise of temperature which enhances the effi¬ 
ciency of ferments brought about? In the first volume I as¬ 
cribed this function to the interaction of the oxidizing sub¬ 
stance (adrenoxidase) and another familiar blood-constituent, 
fibrinogen, a body whose only function is now thought to lie 
concerned with coagulation of the blood. 

Fibrin—the identical fibrin obtained by whipping blood— 
can, as we have seen, be split into two substances, fibrin-fer¬ 
ment and fibrinogen. That the former is the adrenoxidase was 


ISM*. HI., p. SO. 
'Hanmintcn: Lor. HI., p. 
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shown by the facts that it gave the blue coloration with gumiao 
(Arthus) and that this reaction only failed to occur when it had 
been heated to the boiling point, i.e., 100° C. (Abelous and 
Biarn&s). Fibrinogen, on the other hand, is, according to 
Schafer, probably a loose combination of three substances, one 
* of which alone is related to the question in point, viz., nucleo- 
proteid, and termed such because it contains nuclein. Now, 
"the nucleins arc rich in phosphorus says Hammanten,** "con¬ 
taining in the neighborhood of 5 per cent.” 

That fibrinogen and fibrin ferment (adrenoxidase) unite 
so readily to form the fibrin of shed blood betokens their mu¬ 
tual affinity. This fact is evidently of paramount importance 
in the vital process, for the nucleo-proteid constituent of fibrin¬ 
ogen is found as universally in plants and animals as is the oxi¬ 
dising substance itself. Again, "the nucleo-proteids seem to 
be widely diffused in the animal body/’ says Hammarsten.** 
"They occur chiefly in the cell-nuclei, but they also often occur 
in the protoplasm.” In a union between the oxygen -laden adren¬ 
oxidase and the phosphorus-laden, nucleo-proteid we have a self- 
evident source of heat. Hence the fact that I ascribed (in the 
first volume) to a continuous reaction between the fibrinogen 
and the oxidizing Bubstanee (adrenoxidase) in the tissues and 
the blood-stream, not only the generation of heat in the animal 
organism, but also that of the heat energy to which ferments 
owe their exacerbations of activity. Thus a ferment is active 
in proportion as the relative quantity of fibrinogen and adren¬ 
oxidase present is great. 

The activity of the reaction which occurs when phosphorus 
and oxygen are brought into contact under appropriate con¬ 
ditions hardly needs to be emphasized. "Ordinary phosphorus 
is vciy oxidizublc,” writes E. C. Hill, 19 "igniting spontaneously 
in air at 50° to 00° [C]. At lower temperatures it oxidizes 
more slowly with phosphorescence.” Bunge* 0 refers to oxygen 
in physiological functions as the "most potent source of energy.” 

The rdlc of adrenoxidase is not only shown by the fact that 
as fibrin ferment it combines with the nucleo-proteid-laden 
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fibrinogen as soon aa blood is shed, but also in that thia union 
can occur in the circulating plasma. Thia ia well illustrated 
by the presence in the plasma of what have been termed blood- 
platelets (droplets of adrenoxidase, we have seen) plus nucleo- 
proteid. “According to the researches of Kossel and of Lilian- 
feld,”" 1 saya llammarsten, 38 “the blood-plates consist of a 
chemical combination between protcid -and nuclein, and hence 
they are called nuclein-platea by Lilicnfcld, and arc considered 
as derivatives of the cell nucleus.” In view of the data 1 have 
adduced, they represent a combination of adrenoxidase and 
nuclein-laden fibrinogen, thus forming'an exact counterpart, as 
to the bodies involved, of coagulation in shed blood. In fact, 
Hammarsten says in this connection, “It seem* certain that the 
blood-plates stand in a certain relationship to the congulation 
of blood.” He also states* 8 that “coagulation is retarded by 
cooling” and “by diminishing the oxygen"—additional features 
in which coagulation corresponds with fermentation. 

The active part taken by adrenoxidase in the hcat-prndin- 
ing process through its combination with the nudeo-proteid 
(shed by leucocytes as we shall see) in the blood, is illustrated 
by the influence of removal of the adrenals, the sources of its ac¬ 
tive principle, on temperature. That this is markedly lowered 
was first shown by Umwn-Hcquard. Kchiifnr, referring to the 
experiments of Marincscn, and Vassalc and Kacchi, places 
“diminution of the body temperature” first among the results 
of bilateral extirpation. Hypothermia, ns is well known, is a 
marked symptom of Addison's disease. Conversely, as pre¬ 
viously stated, Oliver and Schafer, licpiiic. Morel and Reichert 
all observed that udrenal extracts caused a rise of temperature, 
“accompanied,” in the case of the last named olwcrver, “by 
increased metaliolism.” This points to the wide-spread char¬ 
acter of the action of udrenoxidase, and to the presence in all 
parts of the body of the nuclco-proteid-laden fibrinogen with 
which it combines to lilierate heat energy. 

Indeed, as already stated, nucleo-protcid has been found in 
all parts of the organism and in enzyme-secreting elements nr 

“ Llllenfeld: Dubola-Rcymond’a Archly I. Physiol, UBS u. IMS. 
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their products: e.g., in gastric juice by Nencki and Sieber, 34 
in the pancreas by Hammarsten, 33 in the liver by Halliburton/ 3 
in the muscles by Pekelharing/ 7 in the heart-muscle by Bot- 
tazzi and Ducheschi/ 4 in large quantities in the non-striated 
muscles by Munk and Veliehi, 33 and in the brain by Levene/ 0 
etc. Hammarsten, 41 alluding to the presence of nudeo-proteid 
in the nervous system, says: “There does not seem to be any 
doubt that the proteids belong chiefly to the gray substance of 
the brain and to the axis-cylinders. The same remarks apply 
to the nuclein, which von Jaksch 43 found in large quantities 
in the gray substance.” 

In the intestines—as elsewhere in the body, as shown in the 
first volume—the nudeo-proteid is supplied by leucocytes and 
is secreted by these cells as granulations. Hardy and Wcsbrook 43 
state, as the result of personal experiments: “It appears to 
us to be clear that immigration of the oxyphile cells into the 
epithelium and thence into the lumen [of the intestine] is a 
process of constant occurrence, at times so slight as to be barely 
detectable, at other times so excessive that the epithelium ap¬ 
pears to bu riddled with these ltodies. The most obvious change 
which the oxyphile cells manifest within the epithelium or the 
lumen of the gut is a diminution in the number of oxyphile gran¬ 
ules even to the total disappearance of these structures.” That 
the granules are oxyphile points to their identity as the phos¬ 
phorus-laden nudeo-proteid granules (Sherrington, Milroy, and 
Malcolm 44 ) which contribute to the formation of enterokinase by 
combining with adrenoxidase. 

On the whole, the evidence available shows that itisto an 
exacerbation of the heat liberated by a continuous reaction between 
the phosphorus-laden nucleo-proteid and the oxygen of the adren¬ 
oxidase that the augmentation of heat energy which endows fer¬ 
ments with increased activity should be ascribed. 
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Returning to the intestinal pancreatic juice, mo liml it to 
possess, in keeping with all fluids endowed with fermentative 
properties, its nucleo-proteid. The latter was recently found by 
Stassano and Billon 1 ® to be a constituent of vnterok'inasc. In 
other words, enterolrinase is a comitound of adrenoxidase and 
nucleo-proteid. 

This leaves adrenoxidase unisolated. Another substance 
found in the intestinal secretions, however, meets all the 
chemical tests of the active principle of the ndrcnals, i.r.. Unit 
of adrenoxidase. 

Bayliss and Starling 1 * have given the name “secretin” to “a 
chemical substance which is formed in the niueoua membrane 
of the upper parts of the small intestines under the influence 
of acid,” meaning by the latter, of course, the hydrochloric acid 
derived from the stomach immediately above. This wus con¬ 
firmed by the observations of Pawlow, Popiclski, Wertheimer 
and Lepage and others. Although Bayliss and Starling could 
not “give any definite suggestion as to the chemieul nature of 
secretin,” the tests they enumerate are clearly those of the 
adrenal active principle. Thus, while insoluble in absolute al¬ 
cohol and ether, it becomes soluble when water is added to the 
former; the authors state that “a short boiling does not de¬ 
stroy it,”—a characteristic of adrenal extractives us shown by 
Moore. On evaporating a solution “the activity was found to 
disappear,” a fact which they ascribe “to slow oxidation.” The 
characteristic reducing power is shown by the fact that “the 
activity of a strong solution is very readily alsdished by weak 
potassium permanganate.” Adrenalin is not an alkaloid, ac¬ 
cording to Takamine, since, among other tests, it is not precipi¬ 
tated by tannin. Bayliss and Starling also say, alluding to se¬ 
cretin: “That it is not of the nature of an alkaloid or diatiiifio- 
acid is shown by the fact of its not licing precipitated by tan¬ 
nin.” It dialyses through parchment paper, so do adrenal ex¬ 
tractives. It promptly disappears when injected into the tissues 
—another peculiarity of adrenal extractives, readily accounted 
for when we consider that it soon becomes oxygen-laden and 
transformed into adrenoxidase. 
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JBayliwt and Starling found, moreover, that secretin prepa¬ 
rations made from the duodenum of the eat, rabbit, monkey and 
man , "wore all active as regards the pancreatic secretion of the 
dog;” while on that of the rabbit and monkey they tested the. 
secretin of the dog, rabbit, monkey and man, also with positive 
results. They concluded, therefore, that "the secretin of all 
these animals is one and the same body.” These investigations 
have, as to their general features, been confirmed by Camus, 
Oley, Herzen and others. (Hammansten. 47 ) The conclusion of 
Bayliss and Starling that secretin is the specific chemical 
excitant of the pancreatic secretion is also sustained in the light 
of my views, since, as we have seen, it is adrenoxidase which en¬ 
dows trypsinogen with its activity in the pancreas. 

On the whole, the following conclusions seem warranted: 
(1) the composition of the pancreatic juice is as follows: the 
normal product of the pancreas, the zymogen or mother substance 
trypsinogen; adrenoxidase—a substance now known as "secretin;" 
and nucleo-proteid; (2) trypsin is formed when trypsinogen 
combines with enterokinase, a body composed of adrenoxidase and 
nucleo-proteid; (3) trypsin causes hydrolytic cleavage of pro- 
teids, and its proteolytic activity is due to the intrinsic heat- 
energy its oxygen-laden adrenoxidase and its phosphorus-laden 
nucleo-proteid liberate when combined. 

An additional conclusion warranted by the evidence sub¬ 
mitted is that trypsin owes its activity as a ferment to adrenoxi¬ 
dase, since it is the only one of its three constituents that is en¬ 
dowed with the properties of a ferment, i.e., of provoking cataly¬ 
sis. The bearing of this fact becomes self-evident in view of 
Moore’s 4 ” statement that "ferment actions are such catalytic 
reactions.” 


THE ACTIVE PRINCIPLE OF ADRENOXIDASE AS THE FERMENT 
OF PTYALIN, AMYLOPSIN, LIPASE, AND MALTASE, 

AND OF T11E DIASTASE WHICH CONVERTS 
GLYCOGEN INTO SUGAR. 

The fact that, as stated by Hammarsten, 4 ” the pancreatic 
juice (dog) contains "amylopsin, trypsin, steapsin and rennin,” 
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suggests that these ferments are all ]«ru<liu-e<l under similar 
Conditions and that their zymogens owe their activity to adren- 
oxidase and nucleo-proteid. That such is actually the ease, i.f., 
. that the process through which trypsin becomes a proteolytic 
ferment exemplifies that which prevuils in the cose of all pan¬ 
creatic ferments, is sustained by considerable direct and iitdi- 
- rect evidence. 

The starch-splitting ferment of the saliva, ptyalin, is now 
considered by most authorities to be the same as that of tlm 
pancreas, amylopsin. As stated by Moore: 60 "In their be¬ 
havior to change of temperature and reaction the two enzymes 
are identical; the rate of conversion of starch into other Bub- 
stances depends on the concentration of the enzymes in the 
solution’’—a fact which pluinly suggests that the differenect 
observed can be ‘’entirely produced by differences in concentra¬ 
tion.’’ The two ferments will, therefore, he considered to¬ 
gether. 

The first question to suggest itself is whether we are deal¬ 
ing with a ferment, since, as is well known, starch may lie con¬ 
verted into sugar by ordinary chemical procedures. 

That a ferment is the active agent in the physiological pro¬ 
cess is shown by the fact that Heberts 111 found that amylopsin 
could convert 40,000 times its weight of starch—obviously as 
the result of a fermentation. As the adrenal active principle 
' of adrenoxidase is essentially a ferment—the (If us ex machina 
of enterokinasc—it meets the need in this particular. Again, 
we have seen that secretin strikingly corresponds as to its 
chemical reactions with the adrenal principle. Ptyalin, which 
is now considered identical with amylopsin, shows a similar cor¬ 
respondence with the same active principle, i.e., adrenalin. It is 
precipitated by absolute alcohol, but as water is added to the 
latter its solubility increases; it acts liest in a faintly acid so¬ 
lution. A pure ptyalin—which gave none of the proteid re¬ 
actions—isolated by Cohnheim, M presented, moreover, the 
characteristic test of adrenalin: it resisted the boiling tempera¬ 
ture. That the active ferment of ptyalin is that present in 
adrenoxidase is further shown by the fact that, as we have seen, 

■ Moors: Loc. rff.. d. 328. 

" Roberta: Lumldnn Lectures, London, 1SI. 
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Schoenhein 9 *produced a bice coloration of saliva and secretion 
of mucous membranes with tincture of guaiac in the presence 
of hydrogen peroxide. 

Ab to the presence of nucleo-proteid In both amylopaizi 
and ptyalin, the evidence Is also direct. Not only have we seat 
that the pancreas is supplied with this body available for all 
its zymogens, inbinding, therefore, amylopein, but Hammer- 
sten 84 includes among the constituents of saliva, both nuclein 
and nucleo-proteid. 

All this is further sustained by the fact that the needs of 
the catalytic process which the presence of adrenoxidase en¬ 
tails are met by a very marked oxygen absorption, as.shown in 
the following lines by Bunge: 84 “That oxygen passes through 
the capillary wall in the salivary glands is apparent, for the 
simple reason that the saliva contains free oxygen. So large 
an amount of oxygen passes out of the blood, therefore, that the 
cells of the glandular tissue cannot consume it, and the excess 
escapes into the secretion.” What thiB illustrates, of course, is 
the marked vigor of the catalytic action sustained by the adren¬ 
oxidase. Again, Pfliiger 48 ascertained the presence of absorbed 
oxygen in the submaxillary secretion with the aid of the gas- 
pump; he found that it amounted to from 0.4 to 0.6 per cent, 
of the volume of the saliva. This fact was confirmed by Hoppe- 
Seylcr, who “found that the secretions of both the submaxillary 
and of the parotid contained oxygen.” 

I That the starch-splitting ferment is, like trypsin, activated 
by adrenoxidase and nucleo-proteid, appears to me self-evident. 

As to the fat-splitting ferment lipase (pialyn, steapsin), the 
data available are very scant. According to Moore,” “very 
little is known of the fat-Bplitting enzyme, pialyn, of the pan¬ 
creatic juice. That the action is due to an enzyme, however, is 
shown by the following experimental observations: (a) The 
action is destroyed when the pancreatic juice or active pan¬ 
creatic extracts arc boiled; (b) it takes place in the presence 
of antiseptics, and hence cannot be due to bacteria” 


™ Schoenhein: Lor. eft. 
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(Nencki”). That oxygen takes part in the process is sug¬ 
gested by the fact that, as stated by ljindois, 50 its action on 
fatty acids is attended by the production of CO, and II in the 
absence of micro-organisms. Again, we have seen thnt Snk- 
haroff found that ferments remained inactive in the absence 
of oxygen. 

The rdle of the intestinal juice in the process is emphasized 
by the observations of Bunge, 00 that even after removal of the 
pancreas, the greater part of fat administered to dogs con¬ 
tinued to be split into fatty acids and glycerin—a process which 
corresponds with that ascribed to cntcrokinusc by I'awlow. 
The participation of the oxygen and nueleo-proteid of enlero- 
kinase in the cleavage of fat is also shown by the fact that, 
as stated by Moore, 01 the activity of lipase “is greatly increased 
by the presence of bile.” Now, («laessner ,,:i showed recently 
that this applied to diastatie ferments us well as to fat-splitting 
ferments—a fact which indicates that the latter must 1h« acti¬ 
vated by the same agents that activate ptyulin, ainylopsiu, etc. 
The identity of the agent which in bile produces this action is 
suggested by Moore’s statement that*‘l*aijktt11 oa lias proved that 
the mucin-like substance which gives bile its viscidity really 
belongs to the nuelco-protcids.” As nueleo-proteid is ne«*es- 
sarily secreted info the intestine, it plays in the fat-splitting 
process precisely the r6!e it fulfills in conjunction with adren- 
oxidase in other fermentative processes reviewed. It is evi¬ 
dently, as in the case of trypsin, ptyalin and amylopsiu, one of 
hydrolytic cleavage, for Claude Bernard" 4 showed that the fat- 
molecule took up three molecules of water and split into 
glycerin and three molecules of fatty acid. 

Although the evidence in the case of the fat-splitting fer¬ 
ment is partly inferential, owing to the paucity of experimental 
data, the temperature at which it is destroyed, its kinship to 
amylopsin and therefore ptyalin which colors guaiac blue; the 
facta that it is produced by the same organ as trypsin and that 
its activity is enhanced by contact with bile, a body rich in 
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nucleo-proteid, indicate that it differs in no way from trypsin 
as to the manner in which it is physiologically activated. 

As stated by Landois," “the pancreas also prepares a sugar- 
splitting ferment. If a solution of sugar is digested with an 
aqueous or glycerin extract of pancreas, the amount of sugar 
diminishes.” This ferment is maltase, which converts maltose 
into dextrose, the sugar found in the urine in glycosuria. Mal- 
tase is also present in the saliva, which, wc have seen, colors 
guaiac blue and contains nucleo-proteid. Wherever found, 
therefore, it is accompanied by adrenoxidase and nucleo-pro¬ 
teid, since these bodies are also present in pancreatic juice. 
Now, Cohnheim 0 " was finally led, after a series of experi¬ 
mental investigations, to compare the formation of the pan¬ 
creatic sugar-splitting ferment to that of tiypsin as inter¬ 
preted by Pawlow, with enterokinase (which, we have seen, 
contains both adrenoxidase and nucleo-proteid) as the activating 
agent of the (rypsinogen. A subsequent scries of researches 
by the same investigator,” having for its purpose to identify 
the “glycolytic body” us he terms it, showed that it withstood 
hailing, and that it was soluble in water and Od per cent, alcohol. 
Both these tests are characteristic of the adrenal active prin¬ 
ciple, since, ns we have seen, it is soluble in alcohol contain¬ 
ing water, i.e., !>(» per cent, alcohol. Cohnheim mentions an¬ 
other test which applies to the adrenal principle, viz., that it is 
insoluble in ether. Finally, aa to the nature of the glycolytic 
body, lie concludes that it is not a ferment—such as pepsin, 
trypsin, etc.—but a l»ody closely allied as to its characteristics 
to the constituents of various internal secretions, among which 
he mentions adrenalin and secretin —the identical bodies which 
1 have identified as the active principle of adrenoxidase as to 
the adrenalin, and as adrenoxidase as to Recretin. Cohnheim 
was thus brought lmck to a conclusion which I had reached one 
year before him (see page 411 in the first volume), vis., that 
“L6pine’s glycolytic ferment is the oxidizing substance”—now 
the adrenoxidase. 

In the light of the foregoing facts, however, the adren¬ 
oxidase is not itself the glycolytic agent, but it endows the 
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latter, i.e., the sugar-splitting fcrnicat maltasc, with its prop¬ 
erty as such, thin ferment lieing composed of the pancreatic 
zymogen, adrenoxidsse and nucleo-proteid. As such, it is an 
exact counterpart of trypsin, hut acting on sugars instead of 
proteids. 

Closely allied to this process is that through which glycogen 
is converted into sugar. When, as shown by Minkowski, you 
Mering, Doininicis, von Xoorden and others, the pancreas is re¬ 
moved from animals, glycosuria appears. This is due to the 
absorption into the blood of sugars ingested ns such or derived 
from starches converted into sugar in the alimentary tract and 
eliminated by the urine. Thus Minkowski found, nnd his re¬ 
sults were confirmed by Hedon,*’* that a fixed quantity of sugar, 
administered to unimals deprived of their puncrens, caused an in¬ 
crease of sugar in the urine precisely equul to tlieqiiantitygiven. 
In normal animals, however, this morbid phenomenon does not 
occur. The several varieties of sugar and their anhydrides, 
dextrine and starches, contribute to the formation of glycogen, 
which is stored, as is well known, in the liver, to lie, as first sug¬ 
gested by Claude Hcrnurd, converted into sugar for use in the 
organism at large; the muscles in particular. Bernard con¬ 
cluded that this is effected by a diastntic ferment—a view which, 
according to Ilammarstcn, “is accepted by most investigators.” 
1 may recall in this connection that 1 (minted out in the earlier 
editions (page -401) the source of his ferment, riz., the pancreas, 
tin* pancreatic juice reaching the liver by way of the splenic 
and (Nirtal veins, as an internal secretion, indeed, J. Hose 
Bradford 01 ' states that ‘‘pancreatic dialietes may Ik* produced 
not only by removnl of the pancreas, but nlso by ligature of the 
pancrratic veins,” a fact which indicates that obliteration of 
the vessels which carry, os interpreted from my standjmint, the 
(lancreatic products to the splenic vein annuls the organ’s func¬ 
tions os to its relations with the liver. This not only sustains 
Bernard’s conception as to the intervention of a diastatic fer¬ 
ment, but it assimilates the latter to the ferment by which the 
conversion of starches into sugar is brought aliout in the in¬ 
testine, i.e., amylopein and its homologuc in the saliva, ptyaliu. 
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which we have seen contains both adrenoxidase and nucleo- 
proteid. 

Diabetes—a form of this disease as least—should under 
these conditions be caused by an excessive production of amy- 
lopsin by the pancreas. Again, the overproduction of this fer¬ 
ment should be caused by an excess of adrenoxidase in the 
blood, since this body supplies the body at large with oxygen, 
and is the promotor of tissue metabolism. Briefly we should 
have (1) an increase of pancreatic activity entailing overpro¬ 
duction of amylopsinogen, (2) leucocytogencsis, which entails, 
as we will see, an increased production of nuclco-proteid, and 
(3) the active principle in adrenoxidase,—the three agents 
which jointly form the nmylolytic or diastatie ferment to 
which the conversion of glycogen into sugar is due. That such 
is the cusc is shown hy the fact that the injection of the adrenal 
principle into the blood, adding thereby to its normal con¬ 
tent in adrenoxidase, gives rise to glycosuria. 

We have seen, in the first volume, that Blum, Croftan, 
llertcr and others caused glycosuria hy injecting adrenal ex¬ 
tractives. This has been confirmed hy a number of investigat¬ 
ors. Hcrter and Richards not only produced glycosuria in ani¬ 
mals, whether the adrenal active principle was introduced endo- 
venously, subcutaneously or cndopcritoncally, but Metzger™ 
found that when adrenal extract was given to dogs there was 
hyperglycamiin, t.r., an actual increase of sugar in the blood. 
Finally, Hcrter and Wakeman 7 * found, moreover, that com¬ 
pression of the adrenal glands, thus causing hypersecretion, 
caused glycosuria, and that removal of these organs or ligation 
of their vessels caused a “considerable fall of the sugar-content 
of the blood.” 

Considered collectively, all this evidence seems to me to 
show (1) that the made of formation of trypsin and the man¬ 
ner in which it is activated and endowed with its properties as a 
ferment, is common to all pancreatic ferments; (2) that all 
the pancreatic tymogens are converted into ferments by combin¬ 
ing with adrenoxidase and nucleo-proteid; (3) that they are dll 
activated by the joint action of adrenoxidase and nucleo-proteid ; 
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and (4) that they all acquire their property as ferments from 
the active principle of the adrenoxidase they contain. 


THE ACTIVE PRINCIPLE OF ADRKNOX11)ASK AS TUB FERMENT 
OF THE COAGULATION FERMENT, AND 1IEXN1N AS 
“FIBRINOGEN PROPER.” THE ZYMOGEN OF 
FIBRINOGEN PROPER. 


A prominent gastric ferment is the familiar milk-curdling 
rennin or lab discovered by liaiumarsten in 18??. The process 
of coagulation which rennin provokes in milk was regarded by 
this distinguished chemist as analogous to that of blood-coagu¬ 
lation, but he ascribed it to the sj>eeific ferment named. Analy¬ 
sis of the question in the light of my views suggests, however, 
that milk coagulation is an artificial process, i.r., one which has 
no physiological application, and that it is caused incidentally 
when the ferment which causes blood coagulation is added lo 
milk. This entails the conclusion also that such a ferment ns 
“rennin” does not exist nB a separate entity. 

A curious feature of the milk-curdling ferment is that it 
is found in many plunls, in the blond of invertebrates, and also 
in that of vertebrates which do not secrete milk. “The pres¬ 
ence of rennin in the stomach of birds and lislies is very remark¬ 
able," says Moon;” “and points to some wider function at pres¬ 
ent. unknown to us, since it cannot be supposed that in such ani¬ 
mals the ferment plays any part, in connection with the clotting 
of milk.” Again, while rennin is found in the stomach, where it 
is supposed to carry on its function, a substance capable of pro¬ 
ducing similar effects also exists in other parts of the body. 
Thus, extracts of testes, liver, lung, kidney, muscle, spleen, thy¬ 
mus, thyroid, brain, small intestine, ovary and blood were all 
found by lidinunds 73 to induce the formation of casein when 
added to milk. Moreover, Morn and Hamburger” found that 
a drop of hydrocele fluid from an infant, to which a drop of hu¬ 
man milk was added, clotted almost immediately. 

Again, although thirty years have elapsed since rennin was 
discovered, the actual need or usefulness of a in ilk-curdling fer¬ 
ment in the stomach has not, as yet, been shown. Howell/ 8 
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for instance, states that “the value of the curdling action is 
not at once apparent,” but “we may suppose” he adds, “that 
casein is more easily digested by the proteolytic enzymes after 
it been brought into a solid form.” Bunge 1 * says that “the 
significance of rennet ferment and casein coagulation in the 
stomach is still unexplained.” Stewart 7T also says that “we 
have no precise knowledge” as to its exact function. 

Conversely we have in the similarity between the blood and 
milk good ground for the belief that a phenomenon provoked 
in the former by a given ferment will likewise induce it in the 
latter. Harris” has called attention to the many points of re¬ 
semblance between milk and blood coagulation. “Both fluids 
coagulate by an enzyme,” says this investigator, “the clot en¬ 
tangling thu solid bodies being jelly-like, filling the dish, then 
contracting and expressing scrum and whey respectively. 
Dccalcification of each prevents clotting. In both heat is 
given out during cougulation. In both a low temperature 
returds coagulation.” He also states, however, that while 
“blood has all its factors for dotting within itself” .... 
“milk has not.” 

It is as a nutritional agent that milk differs from blood. 
This is shown by the relative structure of these fluids. “Milk 
is a perfect food, but blood is not,” continues Harris; “blood- 
clot has fillers in a felt-work; curd has no visible fibers, but 
is molecular.” Though derived from the blood, in other words, 
and containing its main components, the structure of milk 
as it is provided by Nature , is eminently fitted for the nutrition 
of the suckling. 

The clot formed in shed milk by rennet becomes, there¬ 
fore, an adventitious product, and the presence of “rennet” in 
plants, in the stomachs of animals which are not milk-fed, and 
in the blood of organs other than the stomach, suggests that 
we are dealing with a constituent of the general blood-stream 
irrespective of any specific action of milk. 

The true identity of ronnin is shown by the nature of the 
milk clot and its mode of formation. 


■ Bunge: Iauf. rii., p. IN. 
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Beferring to milk-curdling f Howell** uyt: “The whole 
process resembles the clotting of the blood not only in the su¬ 
perficial phenomena, but also in the character of the chemical 
changes.” Granting that caseinogen, as its name implies, is 
a zymogen or mother substance and that it is an homulogiic of 
fibrinogen, we are brought to assimilate reunin to fibrin fer¬ 
ment. Yet, Moro and Hamburger have suggested, on the lmsis 
of their experiments, that milk might also contain fibrin fer¬ 
ment. Moreover, we have seen that the presence of oxidase 
—fibrin ferment—has been made evident by the guaiac test 
(Arthua), thus confirming Moro and Hamburger's surmise. If 
coagulation were ascribed to fibrin ferment, therefore, the pro¬ 
cess would have to be explained by an increase in the relative 
proportion of the latter in the milk—an obvious fallacy. 

Fibrinogen, on the other bund, incuts all the needs of the 
phenomena witnessed, it is not a normal constituent of milk, 
but an'ne qua nan of the blond coagulation. The fibrin ferment 
being present in milk, the addition of fibrinogen causes coagula¬ 
tion simply because it re-establishes conditions as they wen* in 
the blood-stream—conditions which it is •the function of th.’, 
mammary glands to prevent. This explains why “rennin” is 
found in the blood of some plants, fishes and birds, and in or¬ 
gans which should not contuin it according to the prevailing 
doctrine, and why, also, fibrinogen, a constituent of the general 
blood-stream, can act as rennin. 

Again, fibrinogen is no less able to provoke active fermen¬ 
tation than rennin. The fact observed by llamniRratcn, M> for 
instance, that one part of rennin cun curdle 100,000 to 800,000 
parts of milk, is but a parallel of the process evoked when tryp- 
sinogen and the nucleo-protcid-laden enterokinase combine to 
form the trypsin. The mere addition of a small amount of 
mother substance to a fluid containing ferment suffices to start 
this action, and the milk’s adrenoxidase being the fibrin fer¬ 
ment, a small quantity of fibrinogen (plus calcium salts) suffices 
to start the process ascrilx>d to rennin, i.e., coagulation. And 
this process differs in no way from that uscHIkhI to the latter: 
the caseinogen is split into two sulistances, the curd (casein) 
and a soluble proteid, by the fibrin ferment. The only differ- 

" Howell: “Amor. T. B. of Physiol,” toI. i. p. n 6, 1900. 
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ence in the dot is that, as already stated, it is not filamentous as 
is the fibrinous blood-dot. 

This interpretation eliminates all the discrepancies which 
have attended rennin from the start and which have never been 
met. 

Thus, we have Been that milk, as shown by Arnold, Spol- 
verini, Marfan, Gillet, Wender and others, contains oxidase, 
».«., the fibrin ferment, but that it has not been found to con¬ 
tain fibrinogen. This suggests that the fluidity of the milk is a 
physiological necessity which the glandular elements of the 
mammary glands insure by preventing the access to it of this 
substance. Under these circumstances, it becomes evident that: 

(1) Eonnin being fibrinogen, the addition of this body to milk 
causes clotting because adrenoxidase is present in the latter. 

(2) The clotting of human milk when hydrocele fluid is added 
to it (Moro and Hamburger) is due to the fact that the latter 
contains fibrinogen while the former contains fibrin ferment. 

(3) The clotting of milk by organic and blood extracts (Ed¬ 
munds) is due to the fibrinogen combined with adrenoxidase 
which all such extracts contain. (4) The clotting of milk on 
adding pancreatic juice (Roberts, Edkins, Halliburton) is due to 
the presence in the latter of adrenoxidase and of the fibrinogen 
combined with it. (5) Rennin being fibrinogen, it is a normal 
constituent of the blood of invertebrates and of the fluids of 
plants. 

On the whole, it seems evident that such a ferment as ren¬ 
nin, for which no specific function has so far been found, does 
not exist as a separate entity, and that, wherever it is associ¬ 
ated with a given process, the rifle ascribed to it can be ful¬ 
filled by fibrinogen. 

We must not, however, lose sight of the fact that fibrino¬ 
gen contains several substances. Schafer,* 1 for instance, states 
that "fibrinogen is probably a mixture, or loose combination, of 
at least three substances: (1) Fibrinogen proper, coagulating 
at 86° O., (2) the globulin described by Hammaraten and termed 
fibrino-globulin, coagulating at 65" C., (3) a nucleo~proteid.” 

With which of these constituents does rennin correspond? 

Rennin is evidently not adrenoxidase, which, we have now 

■ Bo hirer: Lae. c toL t, p. ia 
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nen repeatedly, resists all temperatures up to 100° C., the boil¬ 
ing point, for Hammarsteh states"* that “if an active and 
strong infusion of the gastric mucosa in water containing 3 per 
mille hydrochloric acid is heated to 37-40° C. for 48 hours, the 
rsnnm is destroyed, while the pepsin remains.*' In neutral 
solution, however, rennin is only destroyed at 70° C. 

Is it fibrinogen proper? 

While fibrin is formed, as is well known, when blood is with¬ 
drawn from the vessels, Alex. Schmidt observed that pericardial, 
ascitic and other fluids did not coagulate spontaneously notwith¬ 
standing the presence of fibrinogen in them, but that they did 
so on the addition of blood-plasma. He attributed this result 
to a combination of the serum-globulin and fibrin ferment. 
Hammarsten** showed, however, that serum-globulin played no 
rdle in fibrin formation, and that by half saturating blood- 
plasma with sodium chloride, a precipitate was obtained, “fibrin¬ 
ogen proper," which by the action of Schmidt’s fibrin ferment 
was converted into fibrin. Fibrin ferment being, as we have 
seen, adrenoxidase, the formation of fibrin suggests itself as 
another example of the influence of the adrenoxidase on a zymo¬ 
gen. It becomes a question, therefore, whether fibrinogen 
proper actually plays the same rflle here that trypsinogen does 
in the building up of trypsin. 

If such is the case, the third constituent of the triad we 
have met in all ferments so far studied should also be present, 

nucleo-proteid. That it is present is strikingly shown 
by the following quotation: “Fluids which collect in the serous 
cavities of the body (pericardial fluid, hydrocele fluid, ascitic 
fluid) frequently contain no leucocytes," writes Schafer.* 4 
“When this is the case, they are also devoid of nucleo-proteid 
and of the property of spontaneous coagulation, although they 
contain fibrinogen ." It is evident, therefore, that coagulation 
cannot occur without nucleo-proteid. Indeed, coagulation occurs 
whether this body be derived from the blood or from the cellular 
elements. Buchanan** found that extracts of lymphatic glands 
and various tissues caused coagulation. “But it is only quite 


"fgunmintan: Esc. Si., p. MS 

■ Ham mantra: Arch. f. S. sea. 
“ Sehlfsr: Lor. ril. toI. I. p. l( 

■ Kchuu! ctt*« hy Scfalfer: 


Physiol., Bd. Si, a ESS. 1S7S. 

“T. B. of Physiol.,” to!. I, p. MS, IMS. 





874 ADRENAL PRINCIPLE AS FERMENT OP FERMENTS. 

■ 

recently/' says Schafer, “that the active sulwtancc extracted 
by Buchanan has been examined and found to belong to the 
class of bodies known as nucleo-proteids.” From this stand¬ 
point, therefore, fibrinogen proper (rennin) asserts itself as a 
zymogen. 

This is shown, moreover, by the chemical connection be¬ 
tween nucleo-protcid and fibrinogen proper. These two bodies 
are closely linked in their solutions and may be precipitated by 
the same agents. “The micleo-proteid is precipitated from oxa¬ 
late plasma by allowing it to stand for twenty-four houra at 0° 
C.”, writes Schafer. “The addition of acetic acid also throws 
it down but not in its pure form, for fibrinogen is carried along 
down with it." This represents undoubtedly the compound met 
with in all the reactions previously considered, for the same 
author says, “Fibrin obtained by whipping blood leaves a con¬ 
siderable phosphorus-containing residue (nuclein ) after subjec¬ 
tion to peptic digestion.” 

Jicnnin, ns studied from various standpoints, thus asserts 
itself as a zymogen fibrinogen proper, which becomes active when 
nucleo-proteid and fibrin-ferment (adrenoxidase) are present— 
ull constituents of the blood. Hence its behavior precisely as 
if it were a buna fide enzyme such as trypsin—in the light of pre¬ 
vailing views. That no satisfactory function has been found 
for it in the stomach is also explained: the zymogen itself, i.e., 
the fibrinogen proper, is not a usual constituent of the gastric 
juice, although both nuclco-proteid and, as we will see, fibrin 
ferment arc. Indeed, this becomes evident when we take into 
account the mode of preparation of “rennin,” viz., by infusion 
either of the stomach or of its mucosa, or, in other words, of tis¬ 
sues rich in blood and leucocytes, and therefore rich in fibrin¬ 
ogen, including its zymogen, fibrinogen proper. This does not 
invalidate the fact that gastric juice itself may provoke coag¬ 
ulation, since it contains nucleo-proteid while fibrinogen proper 
and fibrin ferment are ubiquitous constituents of blood from 
which its fluids are derived. What it does show, however, is 
that the gastric juice does not include as a functional entity an 
autonomous ferment such as "renninwhich has no existence 
as such. 

Direct experimental evidence to the latter effect was re* 
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cently contributed by Pawtow and Parastschnk"* which id to the 
conclusion, previously formulated by Danilewsky, that the coag¬ 
ulation of milk is, from the standpoint of the experimenter, an 
accidental expression of a general reaction, and that a separate 
and individual milk-cunlling ferment docs not exist. They fail, 
however, to show the at me of the coagulation, attributing it 
theoretically with Danilewsky to some constituent developed dur¬ 
ing the digestion of pmteida by pepsin and forming part of the 
latter. 

My own view that the cmigulation of milk attributed to 
renniti is in reality due to the ferment irhieh causes coagulation 
of the blood, and that “rennin " is one of the constituents of this 
ferment , i.e., fibrinogen /miper, a zymogen, is not only sustained, 
we have seen hy considerable direct and indirect evidence, hut 
the active agent it introduces is one which logically meets the 
needs of the process. 

All this has nlso served to show (I) that the zymogen of 
coagulation is fibrinogen proper; ('2) that tike all other fer¬ 
ments, the nwgutating ferment is composed of this zymogen, 
nurleo-proteid and adrenojridase; (M) that fibrinogen proper 

not being itself a ferment, it is aclii'ated, tike the jswcreatic zy¬ 
mogens, hy the adrenal ferment in the adrenoridase u'ilh which 
it is combined; and (I) that the rmigulating ferment acquires 
its properties as such from the adrenal ferment of the adrenori¬ 
dase it contains. 

T1IK ACTIVK IMIIXCII’LK OF ADKKNOXIIJASK AH T11K 
FKKMKNT OF 1'KI‘HIN. 

The presence of adrcnnxidusc and nurleo-proteid in the 
gastric juice and in pepsin is shown hy direct and indirect evi¬ 
dence. 

As to adrenoxidnse, Schoenbein” found that the gastric 
juice gives a blue coloration with guaiac. We have seen, in the 
case of other ferments, that fermentation in which oxidases took 
part was attended hy an output of P0 2 . Bunge"" states that 
“the gases which are formed hv the process of fermentation 
in the stomach are carbonic acid gas, hydrogen, and marsh gns. M 

* Pawlow and Psrmatwhuk: Kelt. t. physiol. Chemle, XML kill, B. 411, ISM. 

* Behoeabaln: Aor. rit. 

■ Budko: Loe. cU„ p. 141. 
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lie also refers to a case of dilatation of the stomach studied by 
Kuhn" in which “one liter of gastric contents developed four 
liters of gas in four hours when kept outside of the body at the 
body temperature/' This gas was found to contain twenty per 
cent of carbon dioxide. 

The presence of nudeo-proteid is as evident. Thus Nencki 
and Sieber" found nudeo-proteid in the gastric juice. Moore, 
moreover, states that while in pure gastric juice the acidity is 
due chiefly to hydrochloric acid, it is also due “in part, to acid 
phosphates and phosphoric acid.” 

. The following lines of Ilammarsten® 1 arc striking in this 
connection, when we consider that the presence of such a sub¬ 
stance as adrenoxidase was not suspected by the author: “As 
chief organic constituent, perfectly fresh gastric juice (of dogB) 
contains a very complex substance (or perhaps a mixture of sub- 
stanccs) which coagulates on boiling and which separates on 
Btrongly cooling the juice. This substance is considered by 
certain experimenters (Nencki and Sieber, and Pawlow) as the 
conveyer of the several ferment actions of the gastric juice, i.e., 
the pepsin as well as the rennin action.” By ‘'conveyor” is 
meant “transmitter,” the characteristic property of the adren- 
oxidasc acting as a catalytic in relation to ferments in general, 
its identity as such being further shown by its coagulation tem¬ 
perature, the boiling point. With Schocnbcin’s observation 
that the gastric juice gave the blue coloration to guaiac, the 
evidence, that the gastric juice contains what might be tenned 
“gastro kinase” as a counterpart of Pawlow*s chterokinase, may 
be considered as conclusive. Its purpose is evidently the same 
as the latter, since, as stated by Tjandois,* 1 “the glands 
themselves contain no pepsin but only a zymogen,” i.e., pep¬ 
sinogen. 

The composition of pepsin also coincides with that of tryp¬ 
sin. As to the pepsinogen, Edkins" states that “though the 
chief cells will yield pepsin, yet they do not actually contain 
pepsin. If the granules then are connected with pepsin, it 
must be in some antecedent form. The probable explanation 


"Kahn: ML f. kiln. Med.. Bd. ul, S. 684. 18 U 
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of this is that the granules of the chief cells consist wholly or 
in part of pepsinogen, the precursor of pepsin.'* Hanunarsten* 4 
regards as "proved” the statement of SchilP* that there exists 
"a substance forming pepsin, a pepsinogen, or propepsin." 

The presence of the sdrenoxidase is evident. We have al¬ 
ready seen that Xeneki and Sieber, and Pawlow, have ascribed 
to what they consider the chief organic constituent of fresh 
gastric juice, the function of a "transmitter” or catalytic, pepsin 
being mentioned as one of the bodies influenced. This catalytic 
body was said to be destroyed when boiled, thus indicating its 
identity as the active principle of an oxidase, t>., sdrenoxidase. 
That the latter is intimately connected with pepsin is also shown 
by the fact that it meets the fests which indicate the presence 
of its active principle, i.e., that of the adrenal secretion. Thus, 
Glacssncr** found in thu pyloric end of thu stomach what he 
termed “pscudopepsin,” which in turn yielded tryptophan (Neu- . 
meistcr). This substance is even now of unknown composition, 
though found in the pancreatic juice nearly a century ago by 
Tiedcmann and Gindin.* 1 When compared with the character¬ 
istic tests of ndrenal extract the correspondence is suggestive: 
both tryptophan and ndrenalin become rose-red on the addition 
of chlorine water; they lmth react in the samu manner to a 
bromine solution. Both arc but slightly soluble in ordinary 
alcohol. Again, Ilamnmrsten 0 " states that pepsin “is as diffi¬ 
cult to isolate in a pure condition as other enzymes.” This ac¬ 
counts for the fact that all the soluble ferments, including pep¬ 
sin, were found by Sehocnbcin, Fliiggc, Epstein, Jacobson and 
others to decompose hydrogen peroxide, and by Hchocnbcin and 
others to give the guaiac blue reaction—additional proof that 
the contaminating sulisiancc is adrcnoxidasc. 

As to the nuclco-protcid, Ilammarstcn** states that while 
an extra-pure pejisin, i.e., that of Pekelharing, “was free from 
phosphorus and yielded no nucleo-proteid,” thus pointing to the 
latter as a possible contaminating body, "pepsin, according to 


•* HammaratMi: Lor. rtf., p. 307. 
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Nencld and Sieber, was rich in phosphorus and contained nu- 
cleo-proteid.’* 

In the presence of all these tests—those perta ining to pep¬ 
sin confirming the date afforded by those upon the gastric juice 
—it is fliffimlt to escape the conclusion that pepsin is built up in 
the same manner as trypsin, pepsinogen replacing trypsinogen, 
and that it owes its ferment to its adrenoxidase. We may can- 
dude therefore, (1) that the gastric zymogen, pepsinogen, is 
converted into pepsin bg combining with adrenoxidase and 
nucleo-proteid; (2) that pepsinogen is activated bg the joint 
action of adrenoxidase and nucleo-proteid; and (3) that pepsin 
acquires tie property as a ferment from the adrenal ferment of 
the adrenoxidase it contains. 

THE ADRENAL ACTIVE PRINCIPLE AS THE FERMENT OF 
FERMENTS; AND ALL HYDROLYTIC FERMENTS AS 
COMPOUND BODIES CONTAINING A ZYMOGEN, 
NUCLEO-PROTEID AND ADRENOXIDASE. 

Having ascertained the general composition at the various 
hydrolytic ferments, it becomes a question whether the con¬ 
clusions reached are in accord with what data the direct analy¬ 
ses of these ferments have furnished. That they harmonise 
is shown in the following pages. 

B. Moore, 100 in an analytical review, says: “Little is known 
regarding the chemical nature of enzymes, because all attempts 
to isolate them in a state of purity liave hitherto failed. In 
fact,” adds the author, “there is nothing to give certainty that 
at the end of any process the product in the case of such com¬ 
plicated substances is pure.” Still, he also states that “in ele¬ 
mentary composition the enzymes do, however, resemble the 
proteids more than any other class of bodies.” As this state¬ 
ment applies to hydrolytic ferments in general, we may infer 
that all these ferments contain proteids—in accord with the 
direct evidence I have submitted in the present chapter. 
Again, Moore refers only to simple proteids while those we 
found in the various ferments were invariably the phosphorus- 
laden nucleo-proteid. Later studies have shown that the pro¬ 
teids bound up with ferments contain phosphorus. “Ma- 

" B. Moors: Kill's “Roeoot Adnocn la Physiol, and Bio-Cham..” p. 117. 
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cmllum has shown microchemically,” says sn editorial writer/* 1 
"that phosphorus is closely associated with the formation of 
symogen granules in cells y which seem to be started in the nu¬ 
cleus, and there are many other observations suggesting that 
certain ferments are closely related to the nucleo-proteids. 
This is particularly true of the oxidases/* We may conclude, 
therefore, in view of the presence of nucleo-proteid in all the 
ferments studied in this chapter, that the proteids present in 
the ferments in general, as implied by Moore, are nucleo-pro¬ 
teids. 

The presence of xymogens in hydrolytic ferments needs 
hardly to be emphasised. After referring to the fact that 
Langley discovered pepsinogen and lleidenhain trypsinogen, 
Moore says, that "since then, the existence of a pro-ferment 
[symogen] has been shown for most of the ensymes." This 
applies to all the ferments we have reviewed. 

The presence of the third constituent, adrcnoxidaBC, may 
be shown by tracing to its source the characteristic property of 
ferments, catalysis. Here, again, as we have seen, Moore 1 ** 
speaks, of ferment actions as being "such catalytic reactions,” thus 
characterising catalysis as a property of all ferments. To 
which of the three constituents can we attribute this property? 

That the nucleo-proteid need not be considered as a pos¬ 
sible factor in this connection is obvious. Neither docs the 
symogen possess fermentative activity. Thus, Moore writes: 
"These xymogens, as,has been stated, arc inactive while in the 
cell and exist in granular form visible under the microscope; 
they are converted into the active form, cither at the time of 
iecretion or later, on .coining in contact with certain substances 
which have been termed xymo-excitators, or, in certain cases, 
kinases/’ He then refers to Pawlow's cntcrokinsse as an ex¬ 
ample of these agents, and to the belief of this investigator that 
this body is a "ferment of ferments/* Jt is to enterokinase, 
therefore, that we are relegated for the agent which confers the 
properties of a ferment upon the symogen. 

To the questions: what is the agent in enterokinase which 
endows trypsinogen with the properties of a ferment, and what 
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is the source of this agent, however, no answer is vouchsafed. 
These features of the problem do not seem to have*, so far, en¬ 
gaged the attention of investigators. Indeed, though Dele- 
zenne, Camus and Gley and others were led experimentally to 
agree with Pawlow as to the effects witnessed, some contend 
that they are not due to a ferment. A suggestive fact asserts 
itself in this connection, however, viz., that the main objections 
that have been raised are annulled when, in accord with my 
own view, adrenoxidase is considered as ono of the constituents 
of the “ferment of ferments.” Thus Dclczcnne and Dastre 10 * 
deny that it is a ferment, but regard it “as an ‘amboceptor,’ in 
• the language of Ehrlich, which serves to link together the at¬ 
tacked proteid and the trypsinogen and so invokes the proteid 
cleavage.” How, wc have seen that adrenoxidase is Ehrlich’s 
amboceptor and that it becomes linked with trypsinogen to 
cleave the proteid. If wc asked Delezenne and Dastre to point 
to the constituent of the “amboceptor” which brings about 
such a result, their answer could only be that of Ehrlich, 
that the nature of this body is unknown. “Proteid cleavage” 
whenever witnessed in the organism is due to hydrolysis pro¬ 
voked by a ferment; can they assert that we have here an ex¬ 
ception to this rule? Not without introducing suppositious 
postulates—a weak weapon to offset the mass of evidence I have 
adduced in this and the preceding chapter as to the presence of 
the adrenal active principle in entcrokinase. Largnier des Bar- 
cels, Bi&ry and Henri 104 have also pointed out as evidence 
against enterokinase being an enzyme, that it is “much more 
slowly destroyed by heat than are most enzymes,” all having 
found that it could resist boiling, and in some instances higher 
temperatures. We have seen that of all the ferments, that con¬ 
taining the adrenal principle is the only one which remains 
unaffected by heat up to the boiling point and that it even 
resist the latter several hours. 

That wo are dealing with a ferment is emphasized, more¬ 
over, by direct experimental testimony. “Bayliss and Star¬ 
ling/’ writes Moore, “have brought forward strong evidence in 
favor of enterokinase being a ferment. Thus, they have shown 
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that there is no stoichiometric relationship between the amount 
of txypsinogen and the amount of enterokinase necessary to 
activate it, as little as 0.0001 cubic centimeter of an active 
enterokinase being capable of activating 5 cubic centimeters 
of pancreatic juice provided it was allowed two or three days 
to. act.” This sustains the evidence adduced to the effect that 
enterokinase is activated by a ferment—that to which secretin 
owes its activity and the chemical projicrtie* of which are pre¬ 
cisely those of the active principle of the adrenal secretion. 
The conclusion is warranted, therefore, that enterokinase con¬ 
tains a ferment and that it owes its property as a "ferment of 
other ferments " (I’atrlow) to the active principle which its 
adrenoxidase contains, i.r., that of the adrenal secretion. 

Such being the ease, we are brought, liy thu evidence sub¬ 
mitted in this and the previous chapter, to consider the adrenal 
active principle as the sole ferment of ferments. Mot only 
have we seen that the character of a ferment is determined by 
its zymogen, but we found that in every instance it was the 
adrenal principle of its adrenoxidase which endowed the fer¬ 
ment molecule, so to say, with the characteristic of a ferment. 

The ability of the adrenal principle to carry on such a pro¬ 
cess is, in the light of available evidence, lieyond question. 
Moorc, 1M we have seen, states that ferments are catalytic 
agents, adding, however: “But when wc say that ferments 
act catalytically, the problem of how they act' is by no means 
solved; we have merely found a name for it.” Now, JLoew ,M 
was led to conclude in the course of an extensive research- that 
“there does not exist a group of organs or any organ, or even 
a single vegetable or animal cell that does not contain some 
catalase,”—a conclusion sustained by the testimony of Ber¬ 
trand, Abelous and Biarnte, Phisalix, Schmiedeberg, Jaquet, 
Salkowski and other investigators, who found that the oxidases 
in all plants, invertebrates and vertebrates studied by them 
acted as catalytics. 

A salient feature of the problem left in abeyance so far 
requires elucidation at this time, vie., the independence of the 
catalytic action from the oxidizing action of oxidases observed 
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by many investigators, and which led Jollea 1 ** to conclude that 
the Uood contained both oxidases and catalase. The reason for 
this becomes plain—in the light of my views—when it is borne., 
in mind that while the adrenoxidase as such is the oxidising 
body, its active principle, i.e. t the adrenal active principle, is the 
catalytic. ' The two separate functions are thuB fulfilled by the 
adrenoxidase, its active principle, embodied in the adrenal se¬ 
cretion, enabling the latter to take up the oxygen in the air of 
the pulmonary alveoli to transfer it via the red corpuscles and 
the blood-plasma to the tissues. It is strictly as an "oxygen 
transmitter” (using Traube's phrase) therefore, that the active 
principle of the adrenals behaves in the process, as a pure 
catalytic. * 

Finally, Pqphl 1M wrote recently, referring to the adrenal 
principle: “This body brings about reduction processes when 
present in such very small quantities that I cannot otherwise 
than see in adrenal {sic) a specifically positive katalysator of 
such processes. If we observe these reactions, we must con¬ 
clude that we have here no ordinary reagent, that is to say, not 
a chemical body which enters into a change in which it is con¬ 
sumed itself, but on the contrary, that adrenal is a real kata- 
lysator which undergoes no change.” Applying this concept to 
the human adrenals, the strength of my position will become 
apparent. Indeed, Jolles has not only ascertained, as previously 
stated, that the human blood is endowed with oxidizing and 
catalytic properties, but he observed that these properties bear 
a definite relation to the number of red corpuscles present, 
being raised in proportion as their number is increased. As 
I have shown that these corpuscles arc storage-cells for adren¬ 
oxidase—the albuminous oxyhemoglobin—the cause of this re¬ 
lationship is- self-evident, provided, however, the active prin¬ 
ciple of the latter—that of the adrenals—is considered as a 
catalytic. 

From all directions, therefore, the evidence available leads 
to the general conclusion that the active principle of the adrenal 
secretion is the only true ferment in the organism, and that all 
bodies now known as hydrolytic ferments owe their activity as 
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such to the adrenal active principle which one of their constitw* 
ente, adrenoxidate, contains. 

As corollaries to this fact, additional conclusions, baaed 
on the evidence recorded in the present chapter, are now in order: 

(1) That adrenoxidate futfills two functions simultane¬ 
ously: (a) that of catalytic, carried on by the active principle of 
the adrenal secretion it contains, and (6) that of oxidising sub¬ 
stance, after the adrenal secretion has become oxygenized in the 
lungs, and converted into adrenoxidase. 

(2) That hydrolytic ferments are composed of three sub¬ 
stances: (a) a zymogen, which endows the ferment with its spe¬ 
cific character; (6) adrenoxidase, which confers upon the zy¬ 
mogen Its properties as a ferment and catalytic; and (c) nucleo - 
proteid, the phosphorus of which by combining with the oxygen 
of the adrenoxidase liberates heat energy and thus governs the 
activity of the ferment. 

Concluding Remarks. —Since Schwann, in 1836, demon¬ 
strated the presence of pepsin in the gastric juice, many 
theories have been introduced to account for the process of fer¬ 
mentation. “The general jioint of view regarding the mode of 
action of enzymes that is most frequently met with to-day," 
wrote Howell in his text-book, 1 '" “is that advocated especially 
by Ostwald. He assumes, reviving the older view (Berzelius), 
that the ferment actions arc similar to those of catalysis." We 
have seen, however, that, os stated by Moore, this affords only a 
name for the process. The identity of the catalytic agent, its 
origin in the laxly and the manner in which it influences the 
substances with which it is linked have remained unknown. 
These three cardinal features are pointed out in the foregoing 
pages. 

Moore"° has likewise expressed the view that “little is known 
regarding the chemical nature of enzymes, because! all attempts 
to isolate them in a state of purity have hitherto failed." The 
data submitted in these pages also indicate why laboratory 
methods have remained sterile in this connection, viz., that the 
bodies which have been regarded as ferments (or enzymes) are 
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in reality not ferments at all, but compounds of several sub¬ 
stances having marked affinity for one another, and formed ad¬ 
ventitiously when removed from their normal environment, the 
living body. As will be shown in the next chapter, one of these 
substances, proteid, is a passive constituent of thfiss so-called 
ferments , while tho.three others, the zymogen, the nuclein and 
the adrenoxidase, are active, the active principle of adronoxi- 
dase remaining, as stated above, the only true ferment 

This Triads.— The compounds now termed "ferments” 
represent, nevertheless, aggregates of bodies which jointly take* 
part in all fermentative processes, and it is necessary, in order 
to interpret satisfactorily the functions in which they take part, 
to treat them as autonomous entities. Especially is this desir¬ 
able in view of the fact that as such they retain the specific 
properties now attributed to them as "ferments.” In succeed¬ 
ing chapters, however, they will not be referred to as ferments, 
but as "triads,” each being composed of a zymogen, nuclein and 
adrenoxidase. To indicate the specific actitfn of each triad, the 
familiar terms "proteolytic,” "amylolytic,” "lipolytic” and "gly-' 
colytic” will be employed as qualifying adjectives, according to 
whether the food-stuff hydrolyzed is proteid, starch, fat or sugar. 
Thus the triad which acts on protcids will be referred to as 
the "proteolytic triad;” that acting on sugars as the "glycolytic 
triad,” etc. 

9 i 



CHAPTER XV. 


THE ADRENAL ACTIVE PRINCIPLE AS THE DYNAMIC 
ELEMENT OF LIFE AND THE GRANULATIONS 
OF LEUCOCYTES AS THE LIVING 
SUBSTANCE. 

THE LEUCOCYTES AS TISSUE BUILDERS. 

Bed (lard, referring to the end-product* of intestinal diges¬ 
tion in Leonard Hill's recently published (1906) treatise, 
writes: 1 “Our knowledge of the actual path taken by differ¬ 
ent substances is extremely mengre. We know that the prod¬ 
ucts of fat digestion pass into the epithelial cells, but wc know 
nothing of the path taken by the products of proteid and earlio- 
hydratc digestion." 

In the first volume* I pointed out that the granulations 
of the leucocytes played a far more important rdle in phy¬ 
siological functions than was credited to them in text-books, 
and that in all tissues these granulations were a source of 
energy when brought into contact with the oxidising substance, 
t.e., adrenoxidasc. The final conclusion submitted, after show¬ 
ing that the leucocytes took up the products of intestinal diges¬ 
tion in the alimentary canal to convert them into granulations 
which they deposited in the tissues, was that these cells sup¬ 
plied "the entire organism with the agencies which combine 
with the oxidizing substance to insure the continuation of life 
and the efficiency of all organic functions." Additional re¬ 
searches have only served to strengthen this conclusion. 

A bar to progress in our knowledge, of the function of 
these minute bodies is the prevailing view that "elementary 
granules [the granulations of leucocytes] are minute particles 
of proteid matter, probably arising from the dinntegraiion of 
white corpuscles or of the blood-platelets.” That leucocytes do 
not physiologically yield their contents by becoming dccom- 

> Bcddard: Hill's "Recent Advances In Physiology and Blo-Chcmlstry," p. 
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posed or ruptured in the intestinal cavity or in the blood, haa 
been repeatedly emphasised. Dastre,* after a careful review 
of the labors of other investigators and personal experiments, 
lays stress upon “the erroneous character of the classic doc¬ 
trine,” having found, in accord with the views of Buchner, that 
leucocytes were not the fragile cells they were generally be¬ 
lieved to be. Microscopical observations showed that, as pre¬ 
viously observed by Hayera, Ranvier and Stassano, coagulation 
of blood, to which these cells are known to contribute, occurred 
without any destruction of leucocytes, a process thought neces¬ 
sary, according to the prevailing doctrine, for the escape of the 
cell contents. Such being the case, he was led to ascribe the 
elimination of fibrin-ferment by these cells to osmosis. Arthus 4 
ascertained experimentally, however, that they actively stented 
this ferment. “In the protection of the organism against 
haemorrhages,” says this observer, “leucocytes play a secretory, 
active, physiological, role. They are not the passive agents 
which, as has been erroneously supposed, generate fibrin-fer¬ 
ment by cadaveric destruction.” Indeed, I suggested in the 
first volume 1 that the networks in these cells are canaliculi 
which traverse them in all directions, and that their digestive 
vacuole, their nucleus, and their canalicular system (the 
mitoma), point to them as highly-organized, though diminutive, 
secreting organs. “The various ferments they contain,” says 
Carles, in a recent work , 6 “make of each cell a minute lab¬ 
oratory/* 

Considerable evidence to the effect that leucocytes are 
secretory organs is afforded by the researches upon the identity 
and functions of the leucocytic granules, which Hankin, four¬ 
teen years ago, was first to regard as secretory products. As 
we have seen/ Kanthack, Hardy and Keng have taken much the 
same view. No less an authority on the subject than Ehrlich 
also considers granulations in the light of a secretion, and 
holds that certain basophile granules constitute a preliminary 
step ( Vontufe ) in the elaboration of typical eosinop hil a granu- 

•Arthus- IMA d ' la Soc. dr Biol.. toI. It. Not. 14. ISO. 
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lotions. That they sre developed with relative suddenness 
from non-granular mononuclear*, and that they are constantly 
being developed, also suggests, according to Levaditi,* that they 
are secretory products. Stokes and Wcgefarth* observed, in 
blood taken from some 500 patients, that at 35° C. the 
leucocytes became actively anuuboid, their rapid motions re¬ 
sembling the swarming of bees around a bee-hive, and that 
after this the number of free granules in the plasma was in¬ 
creased. Sangree 10 saw eosinophile granulations leave the cell 
and wander away oscillating very actively. Bail" also saw 
granulations leave the periphery of the cell, (i ul land" noted 
that leucocytes show a marked tendency to leave their granules 
behind them. Finally, Leo Loeb ,# observed that if a cell was 
drawn out with a needle, in order to produce the elimination 
of a widely diffused mass of granules, many granules could be 
“seen to move very actively.” 

What is the origin of these granulations? Arc we dealing 
with a sui generis product of the leucocytic protoplasm, nr with 
the end-products of materials ingested by the cell? If, as 
shown above, we have abundant proof that leucocytes secrete 
their granules, we have in phagocytosis as evident a demon¬ 
stration that they ingest assimilable materials; and if to this 
we add the known facts that they contain proteolytic ferments, 
and that they are able to digest what they ingest, we cannot 
but conclude that their granulations arc elaborated out of the 
materials they appropriate while carrying on their function as 
scavengers. 

This, id turn, suggests another question: Mrfy the food- 
materials of the alimentary canal not serve as their main 
source of supply for this purpose? Not only do the leucocytes 
ingest food-stuff's in the intestinal canal, as shown below, but 
also the "ferments,” the various hydrolytic triads which 
carry on the digestive process in the intestine, to continue this 
process in their digestive vacuole and elaborate granulations 
as end-products. 
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According to present teachings, the products of intestinal 
digestion pass into the general circulation in liquid form. 
Moore, 14 for instance, says: “The new materials formed by 
the action of the intestinal epithelial cells on the absorbed prod¬ 
ucts of digestion pass out of these cells into the lymphoid 
tissue of the villus underlying them. The modified carbo¬ 
hydrates and proteids pass in solution into the lymph which 
bathes the tissue, and in soluble form are absorbed by the capil- 
larj' vessels of the villus, thus passing directly into the portal 
circulation, while the fats leave the epithelial cells as fat 
globules, and are carried as such past the capillaiy network of 
the villus, to enter the lacteal situated in the axis of the villus." 
Yet, as stated by other physiologists, Brubaker/ 8 for example, 
“the mechanism by which the [epithelial] cells effect this pas¬ 
sage of the food is but imperfectly understood." Indeed, in 
a recent monograph L. Mendel/ 8 reviewing the advances in 
our knowledge of the chemical processes of digestion, remarked 
that “beyond the intestinal wall, in the blood and lymph 
stream, the cleavage products seem, for the most part, to be 
missing. This fact, in itself, affords strong evidence in favor 
of my view that proteids are supplied to the tissues in the 
form of leucocytic granules, since this conception involves the 
ingestion by intestinal leucocytes of the cleavage-products from 
the alimentary canal. 

Tt is but normal, under these conditions, that these products 
should be absent from the blood and lymph streams. Indeed, 
Howell” states that: “The form in which proteid is absorbed 
remains . . . a mystery." 

Twenty-five years ago Hofmeister 18 compared the leucocyte 
t° the red blood-corpuscle, the white cell carrying peptones from 
the intestinal wall to the tissues, while the red cell carried 
oxygen to the latter. Laboring, however, under the impres¬ 
sion that peptones reached the tissues’as such and in fluid 
form, being liberated by the leucocytes in some unexplained 
way, he was unable to defend his theory successfully, and it is 
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now but rarely referred to. A view similar to Hofmeister’s 
was recently (1905) advanced by Pavy." 

Hofmeister’s view was opposed mainly by Ncumeister" 
and Heidenhain, 91 but on very weak grounds. Moore, 9 * for in¬ 
stance, reviewing the evidence against Hofmcistcr’s conten¬ 
tion, says: M ln the first place protcid is not absorbed to any 
appreciable extent by the lymphatics.” But this only shows 
that it is not their function to do so; granular leucocytes, which 
are known to contain peptones , being present in the intestine, 
thus become the normal absorbents. The second reason ad¬ 
duced is that “albumoses are not changed, as llofiueistcr him¬ 
self has shown, in the blood, which contains plenty of leuco¬ 
cytes.” This only proves that it is the function of the leuco¬ 
cytes to absorb albumoses in the intestinal canal but nowhere 
else, and that it is within these cells that the albumoses are 
changed. The third reason is that "Heidenhain has shown 
that the amount of leucocytes in the wall of the intestine (and 
the amount of active mitosis in these) is too small to render 
them adequate for the purpose.” This is an invalid conclusion 
unless Heidenhain can give the actual numlier required during 
the digestive process, and one in fact contradicted by more 
recent observations, as we shall sec. The fourth reason is that 
Shore 9 * has shown that "after slow injection of a small amount 
of peptone (.049 gramme) into a lymphatic of the hind-limb 
in a dog, this can be detected again in the course of twenty 
minutes in the chyle flowing from a fistula of the thoracic duct, 
showing that it has traversed the lymphatic system unchanged.” 
This merely affords proof that the lymph—and, 1 may add, the 
blood—arc not media in which the digestive leucocytes ingest 
peptones, and that the only organs in which they do so phy¬ 
siologically are those of the alimentary canal, vis., the stomach 
and intestinal canal. 

Hofmeistcr based his conception that these cells carried 
peptones from the intestine to the tissues upon (1) the pres¬ 
ence of an enormous number and active proliferation of leuco¬ 
cytes in the intestinal wall during protcid absorption; (2) the 
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increase of leucocytes in the blood-stream, which follows a 
proteid meal; and (3) the marked decrease of leucocytes in the 
intestinal canal during tasting. On the other hand, he found 
no peptone in the blood-plasma, and it is now a recognized fact 
that neither peptones nor albumoBes appear as such in the * 
blood. Indeed, when injected into the latter, it is not assimi¬ 
lated and is excreted in the urine (Bunge). Hofmeister also 
found peptones in blood-clots where leucocytes had accumu¬ 
lated, and a large amount of peptones in the spleen where 
these cells were correspondingly numerous. Moreover, Pohl** 
observed an increase of leucocytes in the intestine during diges¬ 
tion when the meal was rich in proteids, but not during the 
digestion of carbohydrates, fats, salts and water. He found 
that this increase during the digestion of proteids was due to 
cells which migrated from the intestinal wall. He also noted 
a very large increase of leucocytes in the intestinal veins dur¬ 
ing the digestion of a meal rich in proteids, over and above 
the normal number of cells in the corresponding arteries. 

Furthermore, the cells are traceable beyond the in¬ 
testinal walls. Goodall, Oulland and Noel Paton” found ex¬ 
perimentally that there occurs “during digestion a slight pre¬ 
liminary fall in the total number of leucocytes in the blood¬ 
stream” (which points to a possible concentration of the ap¬ 
propriate leucocytes towards the intestinal structures) ; that “a 
fairly regular rise in the total number of leucocytes then fol¬ 
lows and the maximum in about four hours after food”; that 
the increase “is due (n) to a lymphocytosis which is very con¬ 
stant as regards its incidence and degree, ( b ) in the majority 
of cases to a polymorphonuclear leucocytosis.” Cabot” also 
states that the increase of leucocytes during digestion is a 
polymorphonuclear leucocytosis. As polymorphonuclcars are 
all granulation-forming cells, it is evident that such cells 
migrate to the intestine. In the first volume, I attributed to 
neutrophile leucocytes the r61e of taking up food-products from 
the intestine and showed that as lymphocytes they could 
originate from the lymphatic glands of the intestine. This is 
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sustained by Gulland’s* 7 researches, which have shown that 
"lymphocytes are the precursors of all forms/’ and tischcrich 
and Schurg’s” conclusion that lymphocytes arc polynuclcnr 
leucocytes with ncutrophilc granulations. Neutrophiles, as is 
well known, are by far the most numerous of the leucocytes 
found in the blood. 

Do leucocytes ingest materials in the intestinal canal ? 

The investigations of Maeallum* 11 were briefly reviewed in 
the first volume. This observer having administered albu¬ 
minate of iron to animals, found that this metal was "de¬ 
posited in leucocytes.” These iron-laden cells were found “be¬ 
tween the epithelial cells of the tips of the villi/* and even 
more loaded ones were observed to “form a enp, as it were, for 
the extreme end of the lacteal vessel." lie remarks in this 
connection that "the iron of these cells originates from the 
food in great part, for if the animal be kept without food for 
a week, the tips of the villi give but a feeble reaction.” Ani¬ 
mals that had fasted about four days were fed with commercial 
peptonate of iron, 100 to 200 grains being given daily for three 
days. The intestinal mucosa down to the distal end of the 
small intestine became black when placed in an ammonium 
sulphide solution, thus showing that the iron hud been taken 
up throughout the entire length of the small intestine. The 
leucocytes were again found on the tips of the villi, hut “others 
were massed below and in great numbers, and a large number 
had wandered between the epithelial cells in such a way as, in 
many of the villi, to displace and distort the cells.” In an 
illustration he shows three cells, “in two of which the inner 
ends appear loaded with ironthese were fixed “in the art of 
transferring” this metal “to the underlying tissue.” This evi¬ 
dently applies to food-stuffs as well, for Asher and Enldy 30 
found that while proteids, fats or carliohydrates were being 
fed to rats, the number of leucocytes in the villi was increased. 

Maeallum ’b observations were confirmed experimentally 
by Cloetta.* 1 They not only support those of Ilofmeister and 
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Fold, but are themselves indirectly sustained by Metchnikoff, aa 
who found that however introduced into the body—by way of 
the skin, the peritoneum, the blood, etc.—soluble preparations 
of iron were taken up by leucocytes. Robert** also observed 
that a soluble saccharate of iron was at once absorbed by these 
cells. 

Macallum noted, moreover, that “in all the preparations, 
the epithelial cells themselves were comparatively free from 
the iron compound,” and that in sections of the small intestine 
of lake lizards, fed on iron albuminate, the leucocytes' were 
“loaded with an excess of iron, so much so that the ammonium 
sulphide gave them the appearance of huge collections of 
greenish-black granules.” That the epithelial cells only play 
a secondary rdle in the process of absorption is also shown by 
the fact that Hochhaus and Quincke* 4 found in a series of 
micro-chemical experiments that the iron albuminate was pre¬ 
cipitated in the form of granules among the epithelial cells of 
the duodenum, and that leucocytes then passed these granules 
to the center of the villi. In Macallum’s illustration the 
actual transfer is clearly depicted. Macallum then found the 
iron-laden leucocytes beyond the villi, i.e., in their venules, 
in the capillaries of the liver, the Bpleen, etc., a fact which 
shows that these, cells are capable of taking up a substance in 
the intestine and of transferring it to the tissues. 

This process is also exemplified by the absorption of fats. 
Thus, in the first volume (1903), I stated that “while leucocytes 
which ingest proteids from the intestinal food-stuffs pass 
between the epithelial cells and enter the venules, the leuco¬ 
cytes which ingest fats only carry the latter from the inner 
limits of the epithelial cells to the interior of the lacteal, and 
deposit them therein,” and that other leucocytes tpok them up 
and carried them to the tissues. Schafer (1885) had previously 
regarded leucocytes as the agents in fat absorption, while 
Heuter (1902) found, as stated by Ferguson,* 4 * fat droplets 
“in the tissue spaces as well as in the lymphatic corpuscles of 
the diffuse lymphoid tissue.” As the latter author remarks. 
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this fact “would seem to indicate that other agencies aid in 
the transit of the fat from the epithelium to the lacteal than 
are accounted for by the purely mechanical theory of Schafer.'’ 
In truth, Schafer's view differs from mine only in that ho 
observed the first part of the process, ».<*., that “leucocytes by 
their amoeboid activity, include the emulsified droplets in the 
intestinal lumen and convey them into the substance of the 
villi;” while mine is supplemented by the second phase of the 
process, that previously witnessed by Heuter. the “lymphatic 
corpuscles” being the leucocytes which I had traced to the 
thoracic duct and thence to the tissues,. 

Referring to these culls in his text-lmok of physiology, 
Nofil Paton writes: “During the digestion of proteids the 
number of leucocytes is enormously increased, sometimes to 
more than double their previous number, and in all probability 
if is they which carry the products of digestion from the intestine.” 
This physiologist also says, however: “Hy breaking down in 
the blood-stream they probably set free the proteids for use in 
the tissues.” We have just seen that the leucocytes need not 
break down, while, as I pointed out two years before Baton’s 
work was published, they convert the products of proteul 
digestion into granulations and carry the lattejr to the tissue 
cells. I wrote at the time that leucocytes thus “supply the 
entire organism with the agencies which combine with the 
oxidising substance [now adrenoxidasc^ to insure the continua¬ 
tion of life and the efficiency of all organic functions.” 

If now we gauge the importance of these facts by the multi¬ 
plicity of the substances which leucocytes are able to ingest 
and digest, their ability to take up peptones aB well as iron in 
the intestine asserts itself. J. Carles* 8 (1904) refers to the 
rdle of these cells in the body as “immense.” “Nothing escapes 
these scavengers of the economy,” says this author, “muscular 
fibers, red corpuscles, weakened leucocytes are themselves de¬ 
voured and destroyed.” He also writes: “Leucocytes, in fact, 
thanks to the ferments they contain, are also endowed with a 
most active transforming activity. A given toxic substance 
modified by them becomes capable of acting sb their own food 
and likewise as food for the entire organism .” Ehrlich considers 
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the granulations of his mastxellen as nutritive reserves which 
these, and perhaps other leucocytes, transfer to the -connective 
tissue spaces, where, according to his view, they are supposed 
to accumulate. 

Evidently Hofmeister is no longer alone ]to speak of the 
leucocytes as the nutrient cells of the organism. But here it 
is necessary to recall the misleading feature of his conception: 
the belief that the leucocytes supplied liquid peptones to the 
tissues. I was first to point out, in the first volume of this 
work,** which appeared in January, 1903, that peptones en¬ 
gulfed by leucocytes in the intestine were converted into prod¬ 
ucts suitable for assimilation by the tissue cells, tliis conclu¬ 
sion being based on the foundation upon which Carles also 
poises his statement, viz., the wonderful "transforming ac¬ 
tivity” of which leucocytes are capable in the course of their 
function as phagocytes. I then submitted* 7 the conclusion 
that "the granules in leucocytes are the products of an intro- 
cellular metabolic process and represent a true secretion.” 

As I have previously stated, the intestinal digestive process 
is continued in the leucocytes. The end-product of the intra¬ 
cellular digestion is then built up, and gradually transferred to 
the periphery of the cell, as explained in the first volume. 
That the intracellular digestive process is similar to that in 
the intestine is emphasized, by the fact that, as shown below, 
leucocytes contain the constituents of the pancreatic juice, i.e. t 
the various zymogens and the two components of enterokinase, 
including adrenoxidase. 

The presence of adrenoxidase is demonstrable in various 
ways. In the first volume** I stated—Ehrlich having found 
that the essential conditions to methylene-blue staining were 
"oxygen saturation and alkalinity” (Barker)—that the faot that 
leucocytes took this stain showed they contained the oxidising 
substance and blood salts. I sustained this conclusion by 
showing that other stains endowed with reducing properties 
were taken up by leucocytes. That these cells contain the 
oxidizing substance iB conclusively shown, moreover, by the 
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fiict that Porticr 40 found that leucocytes contained “oxidase" 
aa shown by the guaiac teat, an observation confirmed by 
Brandenburg. 40 M. Labbe 41 states that <4 the coagulating fer¬ 
ment of the blood, fibrin-ferment, is secreted by leucocytes,” 
and he refers to Hewson, 4 * Briicke 43 and lllfinanl, 44 as having 
demonstrated this fact experimentally. -We have seen that 
fibrin-ferment as shown by Artlius gives the guaiae-blue test. 
Labb6 also states that the researches of Portier, Salkowski, 
Abelous and Biarnds and Brandenburg have shown the ex¬ 
istence of oxidizing ferment, oxidase, in the white corpuscles. 

The presence of nurleo-protrid in leucocytes, whether as 
such, or in the form of its antecedents—the phosphorus-laden 
side-chain which, by combining with a proleid nucleus, forms 
this body (Kosscl)—is also evident. Thus, as stated by 
Schafer, 44 “in plasma obtained by subsidence of the corpuscles, 
there is most nucleo-protcid in the lower layers which contain 
most leucocytes; and least in the upper which contain very 
few.” Again, we have seen that nucleo-protcid, as shown by 
Stassano and Billou, 44 was present in entcrokinase. Ho closely 
is this reproduced in leucocytes that Delezenne, 4T after a series 
of experiments, concluded that the “cytaso" of leucocytes and 
enterokinase were identical. 

The presence of trypsin and other ferments in leucocytes 
is now recognized as a fundamental feature of phagocytosis. 
Metchnikoff’s “cytase” is regarded by him and by Bordet and 
others, as a trypsin; Kanthack and Hardy also attribute the 
proteolytic activity of leucocytes to soluble ferments. The 
more recent writers refer increasingly to the presence in leuco¬ 
cytes of such a ferment. Thus, Bulloch states 4 " that “thou¬ 
sands of facts point to the conclusion that our leucocyte-form¬ 
ing tissues are our great defensive organs against parasitic in¬ 
vasions,” and Beattie, 40 referring to leucocytes, says, “the colls 
act as phagocytes. They englobe, and by a special secretion or 
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ferment digest other cells or bacteria/* etc. That trypsin is 
the bactericidal agent of the intestinal tract has been shown 
by Charrin and Leraditi, Zaremba and others, as stated in the 
first volume. Again, while Weil and Clerc* 0 write that 'leuco¬ 
cytes do more than englobe bacteria; they submit them to a 
true process of digestion,” M. LabW 1 says, after referring to 
the oxidase, fibrin-ferment, etc., found in these cells: “They 
contain, moreover, a fibrinolytic ferment (Leber, Achalme), a 
casein ferment, a ferment analogous to trypsin , a glycolytic fer¬ 
ment (Arthus), an amylolytic ferment (Bossbach, Zabolotny, 
Tarchetti), a lipasic ferment, which as shown by Poulain plays 
an important rfile in the assimilation of fats”—briefly all the 
hydrolytic ferments of the pancreatic juice, and, therefore, the 
various triads enumerated at the end of the preceding chapter. 

The analysis of the question being continued under the 
next heading, the following arc submitted as preliminary con¬ 
clusions: (1) that the products of gastrointestinal digestion, 
i.e., the peptones, are not, as now taught, absorbed as such by the 
intestinal mucous membrane; (3) that they do not, as now be¬ 
lieved, enter the fluid portion of the blood and lymph; (3) that 
they are taken up from the intestinal canal by leucocytes—the 
digestive leucocytes—which then enter the circulation; and (4) 
that after terminating the digestion of peptones ingested by 
them, the leucocytes convert the end-products into granulations, 
i.e., into a compound suitable for assimilation by the cells of the 
bgdy at large. 

THE GRANULATIONS OF LEUCOCYTES AS THE GRANULES 
( MICROSOMES ) OF TISSUE-CELLS. 

The lymphatic system, as is well known, is the inter¬ 
mediary through which the tissues receive their nutrient sub¬ 
stances. "In order to nourish the tissues of the body,” writes 
Isaac Ott” "the plasma -of the blood is constantly being 
osmosed through the capillary walls into spaces between the 
cells of the tissues. Each cell is thus bathed in a plentiful 
supply of plasma, from which it absorbs what is needed for its 
nourishment. This escaped blood-plasma, together with some 
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wKis cells which -have found their way into the spaces, con¬ 
stitute the lymph.” Starling** also concludes that the only 
way by which the tissues can obtain their supply of proteid is 
by this process. 

In the light of the evidence submitted in the first volume 
and in the foregoing section, the granulations of the leucocytes 
—the white cells referred to by Ott—are distributed to the 
tissue-cells. This necessitates tlieir migration through, the 
walls of the blood-capillaries into the lymph-spaces. As is well 
known, Cohnheim showed that leucocytes did so in the course 
of inflammatory processes—an established fact. Now, while 
Starling states that “the tissue spaces, which are filled with 
lymph, are always found in association with connective tissue,” 
Gulland* 4 witnessed, and illustrates in his paper, a leucocyte 
“fixed in the act of passing through a narrow hole between two 
bundles of connective tissue and dragging behind it a large 
number of granulations in a network of fibers.” The cell was 
evidently entering the lymphatics to become one of the many 
found therein, which include, as stated by Klein,** “granular 
oxyphile, baaophile and amphophile cells,”—the amphophilcs be¬ 
ing the neutrophiles which I regard as nutritive leucocytes. 
The fact that leucocytes can secrete granules in lymph is shown 
by the behavior of these cells in the alimentary canal. Thus, 
while Hardy and Wesbrook,** we have seen, observed that leu¬ 
cocytes “within the epithelium or the lumen of the gut" showed 
a marked diminution or complete disappearance of their granu¬ 
lations, Hoppe-Seyler* T found that the intestinal fluid, apart 
from its ferments, “was identical with that of the blood-plasma, 
and of lymph.” 

Again, there is a distinct relationship between the diges¬ 
tive leucocytosis and the lymph wave accompanying the diges¬ 
tive process. The correspondence between the fluctuations of 
activity of the digestive process and the amplitude of the lymph 
wave was recently emphasised by the researches of G. Oliver,** 
which showed among other facts: “that as the digestive wave 
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develops the blood becomes more concentrated: that the in¬ 
gestion of food produces a rapid flow of lymph into the tissue 
spaces: that there is complete agreement between the blood- 
pressure and the exudation of lymph,” and finally that “the 
to-and-fro transfers of fluid from the capillary to the tissue 
spaces constitute a circulation which appears to suffice for all 
the requirements of metabolism while the body is in a state 
of rest.” That this coincides with a corresponding increase of 
leucocytes and their products is shown by the familiar digestive 
leucocytosis which iB especially marked after the ingestion of 
proteids. Thus, as Hammers ten” states, the number of leuco¬ 
cytes may be increased “after a meal rich in proteid.” 

That the granulations of leucocytes are present in all 
tissue-cells and that they constitute therein and in cells in 
general what has been termed their “granules” or “micro- 
somea,” is sustained by considerable direct and indirect evi¬ 
dence. 

It is now generally recognised that, notwithstanding the 
complex functions which it fulfills in the body, a protoplasmic 
cell is but a counterpart of a multitude of similar forms, both 
vegetal and animal, that lead an independent existence as 
isolated individuals, viz., unicellular organisms. The amoeba 
is an example of this type, the prototype of our mobile, flowing, 
leucocytes, as well as of our stationary cells—the muscle-cell, 
the hepatic cell, the nerve-cell, etc. 

“It has long been known/' says Verwom,"" “that roundish 
granules of different sizes are of wide occurrence within cells, 
lying in an apparently homogeneous ground substance; they 
have been termed elementary granules, granule or microsomes.” 
.“In many cases only a few such granules are pre¬ 
sent in the cell; in other cases, the whole cell is thickly filled 
with them, so that the ground substance between them almost 
disappears.” We are evidently dealing with an important fea¬ 
ture of vital functions. E. B. Wilson," 1 for example, places 
the cell-theory “beside the evolution theory as one of the 
foundation stones of modern biology,” and characterizes the 
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granule or microaome as “the most funds mental question of 
cell-morphology.” 

Its importance is further shown by the fact that Herbert 
Spencer attributed to these granules the phenomena of regen¬ 
eration, development and heredity; that Darwin accorded them 
an equally prominent rdlc in his theory of pangenesis, and that 
they were likewise regarded as living elements by many other 
distinguished investigators, including Haeckel, dc Vries, llert- 
wig and Whitman. Indeed, they were the Aiophores of Weis- 
mann, the faoplasts of Beale, the frtogona of Yerworn; they 
were also the renowned inierosymas of Bfohamp and Estor 
which long held sway against Pasteur, and which even now 
constitute the strongest weapon of the defenders of the theory 
of spontaneous generation. 

The grouping of so many conceptions normally suggests a 
kinship between them all. Even apparently opposed views as¬ 
sume this relationship, if, in accord with my own view, the leu¬ 
cocytic granulations are considered ns nutrient particles which 
constitute the essential living elements of the cell. This is 
well shown by the following lines of Herbert Silencer's, quoted 
from the last edition (1898) of his Principles of Biology: 
“What these granules or microsomes are—whether, as some 
have contended, they are the essential living elements of the 
protoplasm, or whether, as is otherwise held, they ore nutritive 
particles, is at present undecided.” 

Even the limited evidence and conclusions I have sub¬ 
mitted so far suffice to point strongly to the leucocyte granula¬ 
tions as the “nutritive particles” referred to. We will now see 
that these granulations and the cellular “granules” correspond 
in cvqry way. 

The nucleus of all cells is composed mainly of two sub¬ 
stances, the chromatin , thus termed because it is deeply stained 
by appropriate dyes, and the nuclear sap, which takes a lighter 
tint. “The chemical composition of chromatin is highly com¬ 
plex,” says Spencer,** “and its complexity, apart from other 
traits, implies relative instability. This is further implied by 
the special natures of its components. Various analyses have 
shown that it consists of an organic acid (which has lieen called 

■■pnnr: "Principles of Biology," vol. I, p. ». Now Voi*. IBL 
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nucleic acid) rich in phosphorus * combined with an alb umi nous 
substance: probably a combination of various proteids. And 
the evidence^ as summarized by Wilson, seems to show that 
where the proportion of phosphorized acid is high the activity 
of the substance is great; while, conversely, where the quantity 
of phosphorus is relatively small, the substance approximates 
in character to the cytoplasm. Now, (like sulphur, present in 
the albuminoid base) phosphorus is an element which, besides 
having several allotropic forms, has a great affinity for oxygen; 
and an organic compound into which it enters, beyond the in¬ 
stability otherwise caused, has a special instability caused by 
its presence. The tendency to undergo change will therefore 
be great when the proportion of the phosphorized component 
is great. Hence the statement that *the chemical differences 
between chromatin and cytoplasm, striking and constant as 
they arc, are differences of degree only;’ and the conclusion 
that the activity of the chromatin is specially associated with the 
protoplasm ." 

This recalls strikingly the rdle I have ascribed to nudeo- 
proteid, owing to the large proportion of phosphorus its nuclein 
contains, and the intense affinity of this element for oxygen. 
Indeed, it is clear from the above that both nuclein and proteid 
are present in the cell, in the identical form in which we found 
these bodies elsewhere, t.a., as granulations. Now, the granula¬ 
tions of ncutrophile leucocytes, which I regard as the nutritive 
cellB, are nucleo-proteid bodies. This was first suggested by 
Sherrington, then demonstrated by Milroy and Malcolm,"* 
whose methods are given in detail in the first volume.* 4 Again, 
Stewart,** alluding to the origin of nucleo-proteid, writes: "In 
shed blood, the only possible sources of nucleo-proteid, so far as 
we know, are the corpuscles and the blood-plates.” After dis¬ 
missing the red corpuscles, he adds: “We have left over the 
leucocytes and the platelets. The latter are said, and the 
former are known to yield nucleo-proteid when they are broken 
up in the laboratory.” 

That leucocytes are capable also of carrying their product 


•All Italics are my own.—8. 
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to all parts of the organism is an obvious corollary of their 
well-known migratory habits, and of tho remarkable ease with 
which they alter their shape in order to pass through minute 
openings. We have seen that they do so dragging their nucleo- 
proteid granulations behind them, and tiiat they secrete them. 
M. LabW,** in common with others, writes: “In respect to 
foods,” the leucocyte “serves, to a degree os yet impossible for 
us to estimate, for their absorption and transformation, and 
for their distribution to the cellular elements in need of them.'* 
But what do they yield to these elements? This question has 
remained unanswered. As shown above, the only products to 
which evidence points arc their nucleo-protcid granulations. 

-Another question imposes itself in this eonncction, how¬ 
ever: What is tho identity of the plasmatic proteids which, ac-. 
cording to the prevailing doctrine, are thought to reach the 
tissue-cells and to be absorbed by them? The answer is em¬ 
bodied in evidence already submitted, viz., that there are tiro 
kinds of nueleo-proteids , one for the tissue-cells, that alluded to 
above, and one for the blood itself (the fibrinogen to which 1 
have repeatedly referred in the drat volume), both secreted by 
leucocytes. Over thirty years ago Voit* T showed that the 
proteid which formed part of the tissue-cells, and which he 
termed "organ- proteid,” could not be similar to that present in 
the blood-stream. The blood proteid he therefore termed the 
"circulating proteid/* Liebig, Hoppc-Hcyler and Pfliiger, in 
opposition to the additional (and purely theoretical) belief of 
Voit*s that “organ-proteid” had to be dissolved in the plasma 
and become “circulating** before it could be used in cellular 
metabolism, showed that “circulating proteid” never underwent 
metabolic changes, and that this role was limited to the “organ- 
proteid.” This not only proves that the plasmatic proteids arc 
not concerned with tissue metabolism, but it likewise confirms 
Voit*s view as to the presence of two kinds of proteid, one 
for the blood-stream and one for the tissues—though both, as 
interpreted from my standpoint, are products of leucocytes. 

Still, the nudeo-proteid destined for the tissue metabolism 
would be consumed in the oxygen-ladeh plasma were it not pro- 
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toted daring ita transit from the intestine to the tissues. Th. 

Lcocytc, uatr precisely «*» * k “P“* t , h * , I r g«nul,. 
tions within their cytoplasm, until m contact with the tissues , 
„v CTC they secrete them. In the first volume, I pointed out 
th.t the leucocytes which secreted “OMnogon” h. the Wood- 
.tram likewise did so physiologieelly es required, their secreted 
granulations combining with the oxidizing substance (adren- 
oxidase) as needed to sustain, according to the be y’s needs, the 
blood’s own temperature. Here again, the nucleo-proteid gran¬ 
ulations are protected by the cytoplasm of the leucocytes until 
needed. 

Two tests of the question are necessary, however, to place 
the conclusions herein submitted on a solid basis: (1) the gran- 
. ulcs or microsomes of the tissue-cells should react to stains as 
do the granulations of leucocytes; (2) the tissue-cell granules 
should be shown to act as nutritive particles in keeping with 
the leucocytic granulations. 

Wilson,** referring to the two forms of granules found in 
the chromatic network of cells, says: “They are sharply dif¬ 
ferentiated by dyes, the boatchromatin being colored by the 
basic anilines (methyl-green, saffranin, etc.) and other true 
nuclear stains; while the ozychromatin-granules, like many 
cytoplasmic structures, and like the substance of true nucleoli 
(pyrenin), are colored by acid anilines (rubin, eosin, etc.) and 
other 'plasma stains/ ” Klein,** on the other hand, states, re¬ 
ferring to “granular leucocytes,” that they “behave differently 
when subjected to staining with aniline dyes. In some the 
granules stain* readily with acid aniline dyes— e.g., eosin—so 
that they become bright red—eosinophile (Ehrlich) or onyphiie 
cells; in others, the granules stain only in basic aniline dyes— 
basophile cells; in still others they stain both with acid and 
alkaline aniline dyes—neutrophile or amphopihile .” This ap¬ 
plies as well to nerve-cells. Thus, the ganglion-cell “in which,” 
as stated hy Ewing, T0 “the chromatic element is in the form 
of granules irregularly placed through the cell-body,” react in 
the same manner to those reagents. Marinesco” found that 
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the “chromophile elements of motor-cells were strongly stsincd 
% basic outline reagents/' and Bends** observed chromatic 
grannies which stained as do the fauophile granulations of leu¬ 
cocytes. Held** also depicted granules stained by acid anilines, 
and both Colucci* 4 and Heimann** observed others which, like 
amphophilic granulations, stained with acid and alkaline dyes. 
It is evident, therefore, that as far as their reaction to stains 
is concerned, tissue-cell granules and leucocyte granulations 
correspond. 

The second test, i.e. t that the granulations nourish the 
tissue-cells, is no less conclusive. Monti** and Lainy,** after 
obstructing the circulation at cerebral vessels l>y injections of 
lycopodium, observed a progressive loss at chromatic sulmtance, 
i.e., of granules, in the dendrites and cell-bodies of the parts 
deprived of blood. The last-named investigator also observed 
a gradual loss of chromatic substance in these cells after ligat¬ 
ing the aorta. Sarbo** noted a gradual disintegration of this 
substance after ligating the abdominal aorta. Juliusbergcr** 
obtained a similar effect by compressing this vessel. Ewing"* 
verified these results in the human subject, and concluded that 
"the chromatic structures of these nervC-ccl’s arc more im¬ 
mediately affected by changes in their blood supply than by 
any other influences whose effects upon them have yet been 
studied.” Hodge* 1 and Mann** observed that "during the re¬ 
pose of the cell, the chromatin accumulates in the nucleus, 
while during the cell activity this stored-up material gradually 
disappears. 11 ** Considered unitedly these facts indicate plainly 
that it is from the blood and its cells that the nerve-cells re¬ 
ceive their chromatic granules, and that their purpose is to 
nourish these cells. 

Chromatolysis, destruction of the granules, shows, not 
only that the granules are nutrient bodies, but also that these 
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bodies are of external origin. “Chroma tolysis generally begins 
at the periphery of the cell and in the dendrons,” says Halli¬ 
burton,* 4 “but in advanced cases the whole cell may be 
affected.” That the morbid progression is inward is obvious. 
The same author says also that chromatolysis alone, however, 
“is not indicative of cell destruction,” and that “the cell may 
recover its functions later when the abnormal condition passes 
off.” This further indicates that the granules are nutrient 
elements, substances of extrinsic origin and bound there¬ 
fore to penetrate the cell centripetally, their first contact with 
it being in the intercellular spaces, where granular leucocytes 
are often met. 

On the whole, the identity of (nucleo-proteid) cell-granules 
as “nutritive particles,” using Spencer’s expression, is no longer 
to be doubted. Ewing, after reviewing the labors of several of 
the above and other investigators, remarks: “Nevertheless the 
consideration of more recent data leads irresistibly to the con¬ 
clusion that the chromatic bodies of the nerve-cclls represent 
a state of physiological nutrition.” Referring to NiBsl’s gran¬ 
ules, Halliburton* 8 also writes: “It can hardly be denied that 
the substance of which the granules are composed, forming as 
it does so large a proportion of the cell-contents, and made of 
a material in which nuclein is an important constituent, is inti¬ 
mately related to the nutritional condition of the neuron.” 

The most complicated of all cells, the nerve-cell, has been 
taken as model because it exemplifies better than any other the 
function of nucleo-proteid granules, t.s., the chromatic bodies. 
This rfile is common to all cells; thus Hammaraten,** referring 
to the animal cell in general, writes: “The nucleo-proteids 
take a very prominent place among the compound proteids of 
the cell.” Indeed, this applies to the entire animal scale, down 
even to the simplest of living things, the protamceba. Though 
this unicellular organism contains neither nucleus nor con¬ 
tractile vacuole, the same minute nucleo-proteid granules_ 

chromatin—are clearly visible throughout their entire sub¬ 
stance. In fact, the same stainable particles are met with in 
somewhat less primitive forms, some ciliated infusoria— Oxy- 
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tricka flava, for example—in which they represent the frag¬ 
ments of broken-up nuclei. In another organism of the same 
group, Trachelocerea, we see the identical stainable granules, 
but here they are collectively termed a “diffused nucleus,”- —a 
nucleus, starting from the periphery of the cell, where the 
granules are most numerous, and apparently invading the whole 
field—the nutrient material penetrating their surface precisely 
(in the light of my views) as our own cells absorb the nutrient 
granules supplied tQ them by leucocytes. 

The Porifera, a group to which the sponges belong, afford 
an example of the manner in which the granulations of leuco¬ 
cyte-like cells can subserve nutrition. Thus, Haeckel"* refers 
to ameehocytcs as “the remarkable amiclmid wandering cells, 
which seem to possess an ini porta lit physiological function in 
all sponges.”.“Their protoplusm usually en¬ 

closes,” says this distinguished zoologist, “a variable mass of 
dark, highly refracting and intensely staining granules , and 
often these enter into the luppet-like processes, or lollopedia of 
the cell, as in the similar common annelMC. The amicliorytcs 
of the sponges are comparable, to tlir leucocytes of the higher 
Metazoa .”.“Their functions ure probably multi¬ 

farious, referring mainly to the nutrition of the sponge. They 
may lie vehicles of food and of reserve nutriments.” 

The kinship of the amielmcytes with the leucocytes of our 
own organism becomes striking when the structure of the 
former is closely examined, lfay Lankcstcr"" includes umong 
the distinguishing features of the wandering cells of sponges 
“the quantity of granules with which their cytoplasm is usually 
packed;” also “the nature of the contained granulutions, one 
kind having coarse, large granules, the other fine granules.” 
He refers to the researches of Fiedler (1888), who describes two 
kinds of wandering cells, “which he has termed Fresszcllcn 
(phagocytes) and Niihrzellen (trophocytes) respectively; the 
former, which occur always near the free surfaces of the sponge 
body, are concerned more especially with the ingestion , and per¬ 
haps with the digestion of food; the latter, found in all parts, 
appear to provide for its distribution We have here a self- 
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evident counterpart of the fnnctiona of leucocytes in the high- 

oet vertebrates, aa emphasized in the foregoing pages. 

The correspondence between so lowly an animal'aa the 
sponge and the highest representatives of the zoological scale 
is not invalidated by the fact that the former lives in the seas 
while the latter include a vast number that lead a purely ter¬ 
restrial existence. Forty years ago, Claude Bernard** taught 
that the blood of vertebrates represented "an internal medium 
ih which anatomical elements live as do fishes in water/* In¬ 
deed, man lias not severed his connection with the Oceans in 
which lived the primitive cells from which he sprang; his blood, 
we shall see,* 0 closely approximates sea-water in composition: 
he merely carries, therefore, a bit of the Ocean within him. 
But we must not overlook the difference between a free mobile, 
unicellular organism, the amoeba, for instance, and a cell de¬ 
prived of migratory motions such as the tissue-cell. The one 
is able to provide itself with sufficient food, not only because it 
can reach for it with its pseudopodia, but also because it can, 
by migrating, increase, when necessary and conditions permit¬ 
ting, its food-supply. The sedentary tissue-cell, imprisoned 
among its kind, cannot thus satisfy its needs, and Nature 
meets the want by providing both an amoeboid messenger, 
the leucocyte, and the precise food the tissues need, the 
granule. 

Summarized, this evidence, supplemented by that contained 
'in the preceding section and in the first volume, appears to me 
to warrant the following conclusions: (1) that the tissue-cells 
are not nourished as now taught, by peptones carried to them by 
the blood-plasma; (2) that this function is carried on by leuco¬ 
cytes which migrate through the walls of the capillaries with 
the blood-plasma, to enter the spaces between the tissue-cells; 
(3) that once in the intercellular spaces the leucocytes secrete 
their granulations; (4) that these granulations are the nutri¬ 
tive materials of the tissue-cells; (5) that the granulations 
penetrate the tissue-cells from the periphery and constitute their 
granules or microsomes. 
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the leucocytic febmemts as the intracellular 

FERMENTS OF TIBSUK-CELLb. 

Mendel” wrote as far bade aa 1906: “Enzymes axe no 
longer thought of exclusively aa agents of the digestive apparatus; 
they enter everywhere into the manifold activities of cells in 
almost every feature of metabolism/’ Indeed, the tiseue-coll 
does not contain the nudeo-proteid only; it embodies, aa shown 
below, the three agents which carry on tha digestive process in 
the alimentary canal, and which jointly constitute An “enzyme” 
or “ferment/* one of the hydrolytic triads. 

The presence of the zymogen is shown by that of the fer¬ 
ment of which it is the known precursor. Yerwom** states that 
ferments “appear in both animals and plants,” and that even 
in “free cells,” t.«., unicellular organisms, “the ferments are of 
great importance for the nutrition of the cell when these or¬ 
ganisms, aa is tlie case with the bacteria, come into contact with 
organic food and are obliged first to liquefy aolid food-stuff h in 
order to be able to absorb them.” That this is carried out by 
a common ferment was recently suggested by S. H. Vines.” 
“All known proteolytic enzymes of plants are tryptic,” says 
this plant physiologist, “though some of them, such as that of 
Drosera, still await further investigation. This suggestion,’* 
he adds, “gains in interest when it is borne in mind that tryptic 
digestion is of general occurrence in the animal kingdom, and 
is apparently the sole process in many vertebrates. It is not 
improbable that it may be extended into the proposition that 
tryptic digestion is a property of all living organisms.” 

That this applies as well to human and other animal tissues 
is shown in our own literature: “There is no longer any rea¬ 
son to suppose,” says Halliburton, 11 * “that the ferment at work 
is pepsin which had been previously almorbed front the aliment¬ 
ary canal, for Hedin and Howland” have shown that the pro¬ 
teolytic'ferment which is present in muscle, as in many other 
a nima l tissues (spleen, kidney, etc.), is more like trypsin than 
pepsin in iti mode of action.” Elsewhere, he reminds the 
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reader* 6 "of the existence” in muscle "of a proteolytic enzyme” 
and finally states that “glycolysis occurs in many tissues, and 
that the agent or ferment to which this is due, is believed by 
Oohnheim* 1 to be rendered active by the internal secretion of 
the pancreas.” That trypsinogen is common to all cells is 
evident. 

The presence of nncleo-proteid has been sufficiently em¬ 
phasized in the preceding section. I showed therein that all 
cells, from the lowest unicellular organisms up to the highest 
members of great cell colonies, contained mtcleo-proteid gran¬ 
ules. 1 may add the testimony of Chittenden,*" who likewise 
wrote: "Nudeo-proteids of various kinds are conspicuous con¬ 
stituents of all cells; they are found in all tissues, in all gland¬ 
ular organs, and their widespread distribution may be taken as 
evidence of their great physiological importance.” 

The term "oxidizing substance,” we have seen, is syn¬ 
onymous with "oxidase,” and, in the higher organisms, with 
adrenoxidase. "It has been positively proved by the researches 
of Jaquet, Salkowski, Spitzer, Rohmann, Abelous and Biarnis, 
Bertrand, Bourquelot, DeRey-Pailhade, Medvedew, Pohl, 
Jacoby, Chadot and Bach, and others,” says Ilammarsten,** 
“that in the blood and different tissues of the animal body, as 
also in plant cells, substances occur which have the property 
of causing certain oxidations and arc therefore called oxidation 
ferments or oxidases. Tattle is known in regard to the nature 
or the manner of action of these bodies.” In the thirteenth 
. chapter’ 00 I stated that, while Claude Bernard, Pavy and L6pino 
' had observed that blood-plasma could oxidize sugar, Pohl, Spit¬ 
zer and others had found that intercellular and tissue juices 
produced a similar effect; that Loew had been led by his re¬ 
searches to conclude that "there does not exist a group of or¬ 
ganisms or any organ, or even a single vegetable or animal cell 
that does not contain some catalase;” and finally that "this, 
general occurrence of catalase in the organised world eannot be 
accidental and must have a certain significance.” We have 
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slfio that recently Jolles’*' found that the ^« t ii lw 
which decomposes hydrogen peroxide is associated with the red 
corpuscles. As 1 have shown, 1 ** catalase is a name given to 
adrcnoxidasc, or its homologuc in animals in which adrenals do 
not exist and in plants, owing to the catalytic properties of its 
active principle. Adrcnoxidasc is thus endowed with two prop¬ 
erties, via., that of a catalytic and' that of an oxidizing agent. 
Loew’s generalization, therefore, applies to adrcnoxidasc or its 
homologne in lower forms. Its presence in the latter is further 
emphasized by the fact that sponges protect their bodies, ac¬ 
cording to Ray lamkcster,’** not only by fringes and palisades 
of spicules, but “also by excretion of poisonous ferments from 
the surface of the body which have a strongly oxidizing action/* 

Not only arc the three components of trypsin—the ferment 
itself in fact—thus shown to be present in all tissue-cells and 
in all organisms, but tissue-catabolism corresponds in its gen¬ 
eral characters with the digestion*of nuclco-proteids as curried 
on by trypsin—the hydrolytic triad—in the intestine. 

As stated by Barnes,’ 04 there is a remarkable uniformity 
in the decomposition of products of all cells. “No matter what 
the organism from which they arc derived/' says this plant phy¬ 
siologist, “no matter how simple they are nr how complex, when 
broken up by the process of digestion nr by ladling with acids, 
they yield invariably a series of products which have become in 
the last few years much better known. These are amino- or 
amido-acids, such substances as lcucin, tyrnsin, arginin, glu- 
tamin, glycocoll, etc.” As this applies to the digestive process 
in the intestine as well as to artificial digestion, we can con¬ 
clude that if these decomposition products arc also excreted by 
the tissue cells, these cells are the scat of a digestive process 
similar to that of the intestinal canal. 

That such is the case is shown by the fact that the pre¬ 
cursors of urea, which include the amino-acids, can be traced 
to the tissues. Salkowski,’ 0 * Schultzcn and Neneki, 10 * and 
other chemists, have shown that amino-acids are converted into 
urea during the transit through the body. That the liver is 
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not the only organ in which this conversion occurs, as was 
formerly believed, may be shown in various ways. Experi¬ 
mental removal of this organ by Slosse, 10 * Nencki and Paw- 
low, 1 ®* and others, failed to arrest the formation of urea, while 
Kauffmann 10 ® found that when the liver and kidneys'were en¬ 
tirely isolated from the circulation (to which, we have seen, the 
lymph curries waste-products derived from the cells), the blood 
was found to contain an excess of urea. This was confirmed 
by the researches of Wurtz, which showed that under the same 
conditions, “lymph contains more urea than does the blood of 
the same individual” (Schafer 110 )—considerably more, in fact, 
since the ratio is 0.009 parts per cent, in the blood to 0.016 
parts per cent, in the lymph. 

Finally, Halliburton 111 Btatcs that “there can be but little 
doubt that muscular tissue, being our most abundant tissue, is 
the ultimate Bource of most of the nitrogenous waste that leaves 
the body as urea.” Indeed, Barnes refers to tho ease with 
which lactic acid (and this applies also to the familiar muscular 
acid, sarco-lactic acid) “can be converted into an amido- 
acid, glycocoll.” Chittenden also says: 11 * “Muscles, liver, kid¬ 
neys, lymph-glands, lungs, spleen, etc., all contain proteid-dis- 
solving ferments, and when the tissues are subjected to auto- 
digestion or autolysis, such products as the amido-acids, leucin 
and tyrosin, tryptophan, glycocoll, hexone bases or diamino- 
acids and ammonia result from tho breaking down of tho various 
protcids of tho tissue.” He closes the paragraph with the state¬ 
ment that “the general trend of action with these intracellular 
proteolytic ferments is hydrolytic cleavage, much the same as the 
influence exerted by mineral acids, or by ordinary digestive 
enzymes .” 

It is evident, therefore, that the tissue cells are the seat 
of a digestive process similar to that in the intestinal canal, and 
that it is carried on by the same hydrolytic triad “trypsin.” 

Two sources of confusion in the current interpretation of 
tissue metabolism require attention in this connection. The 
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fint of these Is the multiplicity of ferments which are thought 
necessary to explain tissue function—a feature which, in my 
opinion, accounts for the growing complexity of the problem. , 

Chittenden 11 * remarks: “There is practically no process 
of metabolism so intricate or obscure that it cannot well be ex¬ 
plained by the action and interaction of intracellular ferments.” 
The confusing feature just referred to appears, however, when 
he adds: "New ferments are constantly being discovered, new 
chemical reactions arc being traced to the power of special fer¬ 
ments.” This applies also to the oxidizing ferments. 

"Oxidation is preeminently one of Nature’s ways of bringing 
about alteration and decomposition,” says the same author, 
"and in intermediary metabolism especially, oxidative processes 
must be quite conspicuous. Yet to-day we have accumulated a 
mass of evidence tending to show that oxidation in the tissues 
is due primarily to the presence and action of a roir of more or 
less closely related , though chemically distinct ferments, known 
as oxidases.* Physiological oxidation, therefore, as it occurs 
in metabolism, is likewise a result of intracellular ferment 
action.” This corresponds with the prevailing view, the various 
ferments bearing characteristic names, nldehydnsc, guanase, 
tyrosinase, adenase. indolphenol-oxidase, nuclease, etc., etc., 
according to the substances upon which they act, the organs in 
which they are found, the organic substance with which they 
happen to lie combined, etc. 

At best, this multiplicity of ferments—both proteolytic and 
oxidizing—can only be assumed, since as recently (1005) stated 
by Halliburton: 114 "Ferments are substances which have, to a 
great extent, eluded the grasp of the chemist. All he can say,” 
adds this physiologist, "is that they arc probably proteid-likc in 
nature, and in some cases the proteid material with which they 
are either identical or united is, as in the case of fibrin ferment, 
of the nucleo-proteid variety.” On the other hand. Hub is a 
suggestive statement in view of the interpretation of the com¬ 
position of ferments in general I have submitted in the pre¬ 
ceding chapter: viz., that there is but one true ferment— that 
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represented by the adrenal active principle of adrenoxidaae (or 
its homologue in organisms deprived of adrenals); that all fer¬ 
ments’* contain nucleo-proteid; and finally that the specific 
action of any ferment** is due, not to a specific ferment since 
there is but one “ferment of ferments /* but to the zymogen 
which the triad termed ferment’* happens to contain. 

Once fully apprehended, this simplified conception of the 
composition of ferments will tend to eliminate many of the ob¬ 
stacles met with when any attempt is made to interpret clearly 
the intrinsic processes of tissue-metabolism—obstacles which 
have made it impossible, so far, to discern the true nature of 
this process. Besides supplying a logical explanation of the 
manner in which oxygen is supplied to the tissues (the process 
1 have submitted in the thirteenth chapter of this work) we 
would not be constantly confronted with new ferments/* but 
with combinations of known tangible bodies, whose chemical 
properties have been thoroughly scrutinized—all endowed with 
their quality as a ferment** by the ferment of ferments.** 

* Examples are not lacking in which these principles are ap¬ 
plicable. Thus, we have seen that Pawlow’s enterokinase and 
Beyliss and Starling’s secretin are not ferments, but that they 
contain adrenoxidaae. Cohnheim’s “muscle ferment** need 
only be adrenoxidase to cleave sugar when combined with the 
secretion of the islands of Langerhans if cither the latter or 
the adrenoxidase contain nucleo-proteid. Finally, Cohnheim’s 
erepsin need not be a ferment,** since, as shown by various in¬ 
vestigators, it has the same properties as trypsin; it may be, 
therefore, only the proteolytic triad known under the name of 
“trypsin.** Yet, Cohnhcim holds, on good ground, that erepsin 
is not trypsin, and that it is endowed with other properties. So 
iB the pancreatic juice endowed with properties other than those 
of trypsin—those it receives from zymogens other than trypsin- 
ogen, and which are all, we have seen, taken up by the diges¬ 
tive leucocytes. It may thus happen that erepsin will prove to 
be an aggregate of all the hydrolytic triads—proteolytic, amylo- 
lytic, lipolytic, glycolytic, etc.—which bathe the intestinal 
mucosa, and which, through the intermediary of the leucocytes, 
reach the tissue-cells, to cany on therein a function similar to 
that performed by them in the intestinal canal, i.a., digestion 
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hj hydrolysis* but having as object in the tissue-cells, the break¬ 
ing down of worn-out elements. 

The second misleading feature now suggests itself: the pre¬ 
vailing belief that the tissue-cells themselves arc a source of 
the “intracellular ferments,'’ and that the intrinsic processes of 
the cell are ascribable to the presence of a large number of such 
ferments. 

This doctrine has also done much to obscure our knowledge 
of cellular metabolism by suggesting fictitious functions in the 
tissue-cell, thus defeating any attempt to discover the sequence 
of events in the interchanges of which it is the seat. Sugges¬ 
tive in this connection tire the following lines by Moore in an 
analysis of the subject: ,,a “Much has Ijcen made of the fact 
that intracellular enzymes have ticcn isolated from living cells 
which arc capable of producing actions hitherto only observed 
in the presence of the cell, and it has been surmised that all, or 
nearly all, the chemical activity of the cell may be due to the 
action of a large number of bucIi intracellular enzymes.’' .... 
. . . “Without disparaging the importance and value of such 
work of separation of intracellular enzymes, it may, however, 
be urged that there is in such a view no explanation of the 
phasic activity of the cell, no taking into aerount of the action 
of the living cell in co-ordinating, so to speak, tlie myriad ac¬ 
tivities going on within it whereby the whole process is 
regulated.” 

In the light of all the facts submitted so far in this work 
regarding the rdle of leucocytes in the nutrition of the tissue- 
cell, the coordination of the various phases of its life-cycle as¬ 
sumes a normal sequence. The leucocyte not only supplies the 
“nutritive particles,” as Herbert Spencer calls them, thus satis¬ 
fying the constructive or anabolic phase of the process, but also 
the hydrolytic enzymes necessary to break down the worn-out 
nutrient material and prepare it for elimination—the catabolic 
phase of the process. 

A question at once imposes itself, however, in this connec¬ 
tion. We are dealing now with the tissue-cells of highly differ¬ 
entiated animals in which the pancreas affords an endless sup- 
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ply of zymogens for the elaboration of "ferments/* which the 
leucocytes transfer to the cells. How can we account for the 
presence of these same enzymes—or aggregate of enzymes 
characterized as "trypsin**—in an animal devoid of pancreas, 
down, in fact, to the lowest in the zodlogical scale, the unicellu¬ 
lar organisms? Even the latter differa in no way, as to the 
manner in which its life-cycle is sustained, from the tissue-cell 
of the highest of vertebrates, man. Although it has to provide 
for itself, it acquires from the organic materials it engulfs in 
its protoplasm the three bodies required to build up its "fer¬ 
ments,** and which, we have seen, are present in all living 
structures. 

All this clearly pointe to a common governing prin¬ 
ciple in all organic life concerning the manner in which a 
living cell acquires the ferments which carry on its metab¬ 
olism, viz., combined with the food materials it ingests. It 
is evident that since, as we have seen, it is the function 
of the digestive leucocytes to provide the tissue-cells their 
nutrient materials and tile hydrolytic ferments required to 
break the latter down when they are no longer of use, these 
ferments cannot be said to originate in the tissue-cells them¬ 
selves, but in the digestive apparatus from which the leucocytes 
obtain them. • 

Since 1 first advanced these views in 1903, the brilliant 
labors of Abderhalden 1 ’ 5 * have contributed much confirmatory 
evidence. "Each separate cell with very few exceptions,** writes 
this physiological chemist,** disposes of the same or similar fer¬ 
ments as those secreted by the digestive glands in the intestinal 
canal.** As to the manner in which the ferments are conveyed' 
to the tissue-cells, he says: "Many facts accord with the sug¬ 
gestion that the leucocytes play a part in this connection.** 

In brief, it seemB to me permissible to conclude: (1) 
that the tissue-cells do not contain, as now believed, a large num¬ 
ber of special ferments differing from those found in the intes¬ 
tine; (2) that the tissue-cells of all living organisms contain 
the three constituents of at least one hydrolytic triad, trypsin, 
including adrenoxidase, the active principle of which confers 
upon the latter its properties as a ferment; (3) that whereas vi 
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ike intestine and in the digestive leucocytes, trypsin hydrolyses 
fmd-proteids prior to their transformation info assimilable gran¬ 
nies ( anabolism), in the tissue-cell it hydrolyses worn-out pro- 
teid granules or chromosomes to concert them info e/iminable 
waste-products ( catabolism ) ; (4) that the trypsin or any other 
hydrolytic ferment found in tissue-cells does not originate in 
these ceils, hut from the digestive apparatus through the inter¬ 
mediary of the digestive leucocytes. 


THE GRANULATIONS OF LEUCOCYTES AND ADRENOXIDASE 
IN T11K FUNCTIONS OF T11K NERVE-CELL. 


“W’liat the nervu-inipiilsc actually consists in wo do not 
know,” aaya Stewart.”* Nor have the more recent laliors solved 
the problem. 

We have juat seen that the chromatin granules, which 
correspond chemically and tinctorially with tho nucleoproteid 
granulations of leucocytes, are also present in the nerve-cells. 
Again, in the first volume” 7 1 pointed out a fact which seemed 
to me capable of affording a clue to the nature of the nerve- 
impulse, via., that the oxidizing substance—the adrpnoxldase— 
circulates in the axis-cylinders of nerves, the cell-bodies and 
their protoplasmic processes or dendrites, and other nerve-strut** 
tures, and that the nervous system, as far as the plasma is con¬ 
cerned, is an extension of the general circulation>, thus consti¬ 
tuting what might lie termed the intraueural circulation. 

That the various nervous structures referred to are longi¬ 
tudinal channels or canaliculi similar to capillaries, and that 
the blood-plasma circulates in these channels, is sustained by 
considerable evidence. 

Holmgren”” found that the reticular network of all gan¬ 
glion-cells was, in reality, a system of lymph-canaliculi and 
that the nucleus itself received two delicate vessels. This was 
confirmed by Htudnickal, Bet he and others. Uonaggio”" con¬ 
ducted similar researches, using, however, material from vari¬ 
ous parts of the brain and spinal system. He not only con¬ 
firmed the findings of his predecessors, but found that the dis- 
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tribntion general characters of the minute can a lic uli were 
Identical in all types of cells, the only variations being in the 
caliber of the canaliculi, these minute channels being somewhat 
larger in some cells than in others. That it is not lymph, how* 
ever, as these authors believe, that circulates in the ganglionic 
canaliculi, and that it iB the blood-plasma—its vascular homo- 
loguo—is shown by the earlier (1886) experiments of Adamkie- 
wicx. 1 * 0 This observer found that injections into blood-vessels 
caused the plasma alone, i.e., blood-plasma without blood-cor¬ 
puscles, to penetrate minute capillaries which coursed in gang¬ 
lionic cells. 

Zoology affords many examples in which the blood-plasma 
circulates in the nerve ganglia. This is best shown in animals 
whose blood contains no red corpuscles and in which the haemo¬ 
globin is dissolved in the plasma. Thus, Bay Lankester 1 * 1 
found that in the sea-mouse the chain of nerve ganglia was a 
bright crimson color, the hue in the supra-oesophageal ganglion 
being as intense "as a drop of fresh human blood,” the color 
impregnating "the nerve itself.” Gamgee 1 ** also states that 
"haemoglobin has been found diffused in the substance of the 
nervous tissue,” and that Hubrecht 1 ** "found haemoglobin in 
the red-colored cerebral ganglia of certain Nemertine worms, 
which possess no colored blood-corpuscles.” 

Pathology supplies striking testimony in the same direc¬ 
tion. Although the fact that the toxin of tetanus affects 
mainly the central nervous system has been known a long time, 
the manner in which it reaches the cellular elements has only 
been established within the last few years. Marie and Morax, 
in 1908, 1 * 4 found that when this toxin was injected into the 
tissues it entered the blood. Thence it passed into the motor 
and vasomotor nerves, beginning with the peripheral nerve 
endings, and steadily progressed upward by way of the axis- 
cylinders, until the central nervous system, cord, pons, medulla, 
etc., were saturated. While motor nerves were found to "ab¬ 
sorb” toxin more rapidly than others, the sensory and sym¬ 
pathetic nerve endings were also found to take up portions of 


■■MuiUnrta: Neurol. Gontrolbl.. Bd. six, 8. A_ 

Roy LtnkMter: Proe. Honl Boo., Loudon, toL ssl, p. TO, 1171 . 
“Oatusoo: SehSfOr. Loe. rtf.. yol. I, p. 1 ST. 

«Hubrceht: NMorlaad Arab. I. SoSIwite. Htt. Y, ISIS. 

- “ " Abu. So ITnst. Pootoar. sol- zrl. p. US. ISOS. 


nutrition or trr nbrvr-csll. 


017 


tbfr toxin. These observations were confirmed by Meyer and 
Raattu** by independent researches. They observed, more¬ 
over, that the symptoms of tetanus occurred early if the region 
inoculated was near the central nervous system, and that the 
period of incubation was long when the inoculation was remote 
from the cord t thus showing that the length of the nerve gov¬ 
erned the period of incubation, a fact previously emphasised by 
Courmont and Doyon. 1 ** Meyer and Hansom, moreover, found 
the toxin in the axis-cylinders, and ascertained that when it 
was injected after these structures had been severed, the upper 
segment did not contain the poison. The latter travelled cen¬ 
tripetal ly and entered the nerve, not by way of the neural cap¬ 
illaries, but by the bare axis-cylinder endings in the muscle. 
These and other experiments led these investigators to conclude 
that the toxin did not Teach the central nervous system by the 
lymphatics, but solely by the axis-cylinders. They suggested 
thdt there must be in these structures “a current of protoplasm” 
which carried the toxin to the central cells. That the toxin 
did not penetrate the axis-cylinders by way of the lymphatics 
had also been demonstrated by Marie and Morax. 1>T These in¬ 
vestigators suggested that it was “absorbed” by these structures. 
With the axis-cylinders as plasma-capillaries, we need no tenta¬ 
tive theories to explain this process: It is the blood-plasma 
that enters these minute channels to which Schafer 1 ** refers as 
“extremely fine tubes filled with fluid” which carries the toxin 
while coursing through them. 

The presence of the oxidizing substance, i.e., adrenoxidase, 
in these nerve-channels suggests itself in view of the facts that 
the plasma invariably contains this substance, as we have seen, 
and that it is the albuminous and main component (94 per 
cent.) of hemoglobin, which circulates as just shown in the 
ganglia and nerves of some animals. But direct evidence to 
this effect is also available. As stated by Barker, 1 ** “the con¬ 
ditions in the nerve structures essential to methylene-blue re¬ 
actions** are, according to Ehrlich (188fi), “(1) oxygen satura¬ 
tion, (2) alkalinity.” As is well known, injections of methylene- 
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blue Into animals causes their axis-cylinders, nerve-endings, etc., 
to become intensely blue, thus proving the presence of consider¬ 
able oxygen in these structures. Again, since the methylene- 
blue penetrates the nerves, though injected in the subcutaneous 
tissues to be absorbed by the blood, it is evident that it is the 
latter, or rather Its oxygen-laden plasma, which carries the stain 
into the axis-cylinders, nerve-endings, etc.—precisely as is the 
case with tetanus toxin. 

That the methylene-blue actually penetrates into the axis- 
cylinders was recently demonstrated by Meltxer, of New York. 1 * 0 
Intravenous injections were followed not only by staining of 
these structures throughout their entire length, but when a 
segment of nerve was isolated between two ligatures, it failed 
to be stained, thus showing that the methylene-blue entered the 
nerve by way of its extremities, central and peripheral. Al¬ 
though chloride of gold and nitrate of silver solutions pene¬ 
trated the axis-cylinder from the side, at Hanvier’s nodes, stain¬ 
ing the axis-cylinders a short distance, the methylene-blue solu¬ 
tion circulated from end to end. The concurrence with the 
circulation of tetanus toxin as to the rdle of the axis-cylinders 
as channels for the methylene-blue stained plasma is self- 
evident. 

Again, as^shown by ApAthy, the structures stained with 
methylene-blue are also stained by his chloride of gold method. 
This coincides with Meltscr*s observation that the axis-cylinders 
alBO take both these stains. Now, Barker writes: "Inside the 
ganglion-cells a recticulum of fine fibrils derived from the neuro¬ 
fibrils in transit can be stained a beautiful deep-violet color by 
ApAthy's chloride of gold method." This confirms the obser¬ 
vation of Adamkiewics as to the circulation of blood-plasma in 
the ganglionic cells. It explains also why Meltxer found that 
the methylene-blue entered the axis-cylinders by way of the 
central nerve-cells as well as through peripheral nerve-endings. 
Indeed, that it is the fluid which circulates in the axis-cylinders 
that is present in the cellular network of neuro-fibrils is further 
shown by the familiar fact that the latter is also stained by 
methylene-blue. The link, with Meltser*s observation now ap¬ 
pears: "ApAthy, Bethe, Nissl and other histologists have all 
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found that the neuro-fibrils which reach the cell-body of a 
neuron by way of its dendrites passed out of it again to take 
port in the formation of the axis-cylinder —thus entering the 
latter from above, by way of the central cell.” 

All this points to another fact, vis., that Ap&thy’s neuro¬ 
fibrils are likewise channels for adrenoxidasc-laden blood- 
plasma, as I suggested in the first volume, for if it is blood- 
plasma which carries the stains from below, it is the same fluid 
which carries it from above. 

While this affords evidence in favor of the neuro-fibril 
theory, it does not support Apdthy, Bethe, Nisei and their fol¬ 
lowers in the belief that this theory overthrows the neuron 
doctrine now accepted by most neurologists, including D£jcrinc, 
Oberateiner and Barker, and histologists such as Kttlliker, 
Ramon y Cajal, van Lenhossek and van Gehuchten, since the 
neuro-fibrils can no longer be considered as "conductors," as 
plasma capillaries. Moreover, Ramon y Cajal has shown re¬ 
cently* 11 by means of new staining methods, that the ends of 
the dendrites, i.e., the neuron’s protoplasmic extensions, are 
independent nervous elements with free endings, and that they 
are varicose, while the neuro-fibrils are smooth. The latter 
were found to form two close networks, in which the fibrils 
anastomosed freely, one network extending between the den¬ 
drites (Golgi’s network), the other sending large fibrils into tho 
cell. In some dendrites large fibrils could be traced to the 
nucleus, around which they formed a flense perinuclear mass. 
As these, interpreted from my viewpoint, are all plasma capil¬ 
laries, the neuron preserves its identity as an independent an¬ 
atomical structure, just as a kidney remains a kidney though 
traversed by many blood-vessels, and though its parenchyma 
contains a multitude of capillaries.- The need of these in the 
formation of the nerve-impulse is shown by the fact that, as 
stated by Howell,*" “a nerve placed in an atmosphere free from 
oxygen loses its irritability, and regains it quickly upon the ad¬ 
mission of oxygen." Briefly, we are not dealing, as stated 
above, with conductors of nerve energy as Ap&thy, Bethe and 
their followers believe, but with the circulation of the neuron. 
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This applies likewise to nucleo-proteid, the presence of 
which in nerve-cells was shown in the preceding section. In¬ 
teresting in this connection is a remark of Halliburton’s brought 
out by Baumstark, 1 ** who referred to "the chief proteid matter 
in nervous tissue as resembling casein.’* "There is a certain 
amount of truth in this,” says Halliburton, "for it » a nucleo- 
proteid.’’ This is true of brain-cells as well. Levene 1 * 4 found 
that "the nudeo-compound of the brain was a true nucleo- 
proteid.” 

Although the presence of ferments in nervous tissues has 
not been determined specifically, it is a necessary factor in the 
biochemical processes of which nerve-cells and their prolonga¬ 
tions, dendrites and axis-cylinders, are known to be the seat. 
Thus, Halliburton 118 found fresh nervous tissues invariably 
alkaline; and that on exposure they rapidly became acid. He 
ascribed this change to lactic acid, stating, however, that Mfiller 
and Gschleiden had concluded that it was due to fermentation 
lactic acid. We have a counterpart of this process in the for¬ 
mation of lactic acid in muscles, the sarcolactic acid. The 
lactic acid formed in milk may also be elaborated, as in muscles, 
irrespective of any bacterial action. Thus Babcock and Bus- 
sell ,a * found that, notwithstanding the total absence of bac¬ 
terial influence, insured by careful sterilisation, casein was 
steadily being digested. Their experiments led to the conclu¬ 
sion that this was due to a ferment which they classed among 
the trypsins. If, now, Baumstark’s observation that the "chief 
proteid matter in nervous tissue” resembles casein, and Halli¬ 
burton’s remark that this casein-like body is nucleo-proteid, are 
taken into account, and the casein-like nucleo-proteid given the 
position it occupies in milk as a substance which is being di¬ 
gested by the trypsin (considered elsewhere as a hydrolytic 
triad), we have evidence to the effect that catabolism is not only 
a feature of nervous tissue metabolism, but also that it corre¬ 
sponds with that of all other cells. Briefly, I showed in a pre¬ 
ceding section, 181 that leucocytes supply nucleo-proteid granules 
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to, nerve-cells aa well as to other cellular elements; wc now find 
that, aa in all other cells, it is nucleo-proteid which is broken 
down by the action of a ferment. 

■ That nerve-cells must be the scat of metabolism as well ns 
other kinds of cells imposes itself as a logical conclusion. 
Soury,*“ in his comprehensive treatise, says in this connection: 
“On the whole, the metabolic processes in the spinal gangliu arc 
most active. Levi 1 " found therein a quantity of granules 
greater than in any other nervous element in the organism. It 
is evident that the quantity of these intracellular exchange 
products affords a criterion aa to the mctaliolic activity of a 
nervous element. Banvicr has pointed out the great vascular 
wealth of the spinal ganglia of mammals. It is, in fact, prob¬ 
able-that not only in the spinal ganglia, but ulso in nprrr-rrlls 
in general , the metabolic processes arc very active.” He ad¬ 
duces as evidence to this effect “besides the abundant vascu¬ 
larization of all the centers and nerves of the organism, the fact 
that of all the elements of the body, the nerve-cell is that which 
bears the least well a diminution of oxygen.” 

Cytology and pathology furnish direct evidence in this 
direction:— 

The predominant rfile of chromatin in the vital functions 
of cells have caused it to be regarded by eytologists as the cellu¬ 
lar living substance, that which is being constantly disintegrated 
and replaced concomitantly by new matter. This applies like¬ 
wise, as is well known, to the chromatin of nerve-cells. Now, 
Halliburton, 140 alluding to chromatolysis of the Nissl granules, 
writes: “It occurs in various abnormal states and under the 
influence of certain poisons, and its occurrence indicates a 
diminution of the vital interaction between the highly phos- 
phorized nucleus and the surrounding protoplasm. Chroms- 
tolysis alone, however, is not indicative of cell destruction, and 
the cell may recover its functions later when the abnormal con¬ 
dition passes off.” It is evidently the nucleo-proteid which is 
thus reduced, and—as inferred—replaced; for, as stated by the 
same author with reference to the *‘fine dust-like particles” into 
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which the granules are reduced, “micro-chemical methods have 
shown that they consist of nudeo-proteid.” 

The nerve-cell differs from the typical cell described by 
sodlogists in one particular—a feature which assumes a normal 
aspect in the light of the foregoing evidence, vis.,* that its nutri¬ 
tion and its reproduction are not solely under the domain of the 
cell-body, at least in young animals. 

“Many experiments have shown,” says Verworn, 141 “that 
protoplasm is incapable of self-preservation without the cell- 
nucleus, and the nucleus similarly incapable without the proto¬ 
plasm.” If, for example, Sten tor Boeselii , a trumpet-shaped in¬ 
fusorian, be cut so that one piece will contain protoplasm and 
nucleus, and the other only protoplasm, “the former continues 
to live and represents a complete cell, while the other, possess¬ 
ing no longer the individuality of a cell, invariably perishes.” 
As stated by Wilson, the latter ceases to assimilate or grow, and 
is devoid of the power of repair. This is thought by physiolo¬ 
gists to apply to nerve-cells; thus Stewart 14 * writes: “Nerve- 
fibers ore ‘bound in the bundle of life* with the nerve-cells from 
which their axis-cylinders arise: the connection between cell 
and axon once severed, the nerve-fiber dies inevitably.” That 
this can no longer be taken as a guiding-principle, however, is 
shown by the following facts. 

“The question of the possibility of autoregeneration of the 
distal end of a divided nerve which has been prevented from 
uniting with its central end is one of great interest,” wrote 
Barker, 14 * who also says: “Bethe has repeated the earlier experi¬ 
ments of Philippeaux and Vulpian, and asserts that in young 
animals autoregeneration takes place, the Schwann cells, 
uniting end to end, building the new nerve-fibers and producing 
not only new axons, but actually new myelin sheaths and neuro- 
fibrils. Bcthe’s experiments have been confirmed by Ballance 
and Stewart in England, van Gehuchten in Belgium, Barfurth 144 
in Germany, and recently by Baimann.” The facts that, as we 
have seen, axis-cylinders receive blood-plasma by way of their 
peripheral nerve-endings, and that the nerve-substance, indud- - 
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jog the myelin, receives nucleo-proteid granules through the 
intermediary of leucocytes, readily account for this phenomenon, 
every nerve-segment, whether above or below the section, being 
nourished as if it were an ordinary tissue-cell. 

Barker remarks, however, that the validity of the experi¬ 
ments referred to above “has been denied by Munxer and by 
Langley and Anderson, 14 * the latter asserting that if anasto¬ 
mosis with other nerves in the limb and all possibility of out¬ 
growth from the central stump be prevented no nu to regenera¬ 
tion. occurs.** In the light of my views these experiments im¬ 
pair in no way the observations of Pliilippeaux and Vulpian, 
Bethe and their followers. The process of regeneration being 
intimately bound up with that of nutrition, the anastomotic 
branches of the divided nerve may subserve important rftlcs in 
f hla function, both direct and indirect. Under these conditions 
division of these branches cannot but prevent the reparative 
process. This applies as well to the prevention of outgrowth 
from the central stump. If this outgrowth happens to be a fea¬ 
ture of the regenerative process, the latter including a simul¬ 
taneous development of both stumps, artificial prevention of 
the outgrowth of one of them must inevitably invalidate the pro¬ 
cess of repair. Interpreted from my standpoint, therefore, the 
experimental procedures of Munzer and of Langley and Ander¬ 
son merely rendered the autoregenerntion of the divided nerve 
impossible, by impairing the mechanism upon which it depends. 

The importance of this feature of the problem lies in the 
fact that the regeneration of the peripheral stump has been, and 
is now, regarded, even by the supporters of the neuron theory, 
as a serious obstacle. In the light of my views, it contributes 
additional evidence to the effect that a neuron is nourished 
throughout its entire length, and serves, with other available 
testimony, to raise the neuron to a higher position than it now 
occupies, since it emphasizes the fact that it is not merely a 
ncll f but a structure composed of many cell*, and therefore an 
organ —traversed, like all other organs, by blood channels. 

Many investigators, Capobianco and Fragnito, Paladino, 
Fischer, Hill, Bechterew, van fiieson, Sachs, Nissl and others 
have urged .this view to offset Waldeyer’s conception of tho 
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neuron as » cell or unit, the tendency being oven to drop the 
* term “neuron.” 14 * I can see no practical advantage in this; 
Waldeyer’s term ia so generally accepted that a new term would 
merely introduce another source of confusion. 

That a nerve, including the various structures which con¬ 
stitute a neuron, is built of cells fused end to end, is sustained 
by considerable evidence. Ap&thy, Bethe, Rosenheim and 
Benda, Wynn and other histologists hold that the neuro-fibrils 
are differentiated from these neuroblasts or formative cells, 
while the rest of the cell becomes a sponge-like reticulum 
destined to hold the fatty substance (casein-like, to recall a 
former comparison), the myelin. Many embryologists, includ¬ 
ing Hertwig, Beard and Balfour, besides Ap&thy and Bethe, con¬ 
tend that the peripheral nerves are developed from migrated 
neuroblasts, the end-result being that described by histologists. 
Physiology adduces the “avalanche” phenomenon observed by 
Pfifiger, i.»., increase of the intensity of'the impulse throughout 
the length of the nerve, and as the segments increase in num¬ 
ber. Durante 14 * strongly urges this view, and states that it ex¬ 
plains the presence of normal nerve trunks in embryos in which 
the central nervous system is absent. This author also points 
out—the contribution of pathology to the question—that dur¬ 
ing Wallerian degeneration each segment breaks down as a 
separate entity, and that in peripheral neuritis the lesions may 
be strictly localised in a single segment. Finally Barker, re¬ 
ferring to the recent investigations of Capobianco. and Frag- 
nito, 14 * Pighini 14 * and La Pegna, 140 writes: “This pluricellular 
or catenary explanation of the origin of the peripheral fibers 
has been extended even to the dendrites and the nerve-cell of 
the central organs, certain Italian investigators especially as¬ 
serting that the rows of cells fuse inside the central system to 
give rise to them, their nuclei gradually disappearing.” 

While all this may be said fairly to apply to the formation 
of myelin-sheaths, the conclusion that the development of the 
axis-cylinder is also a product of the sheath-cells is only infer- 
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cntial. As stated by Biilim, Davidoff and Huber, 1 *® “the seg¬ 
mental structure of nerve-fibers would seem to give the impres¬ 
sion that they are formed by a number of cells fused end to 
end;” but they refer to their description of the ganglion cells 
and their processes as showing that "this can lie the case only 
so far as the nerve-sheaths are concerned/' All the testimony 
submitted in this section as to the circulation of the plasma 
({he freedom with which tetanus toxins ascend to the nerve- 
cell, the end-to-end circulation of methylene-blue, etc.) in the 
axis-cylinder points in the same direction. Barker recalls “the 
embryologie researches of His, which taught that the atw- 
cylinder of a nerve-fiber represents the outgrowth from a single 
nerve-cell” and that “the studies of Golgi’s preparations of 
young embryos confirmed in the most striking way the opinion 
of His.” He mentions also the recent experiments of H. G. 
Harrison, 1 ®* which conclusively showed that "naked, non- 
nudeated fibers which eould be traced as such all the way from 
the cord to the extreme ventral part of the musculature ’ 

had developed from the anterior horns "in the entire alisenre 


of sheath ceils.” 

As interpreted from my standpoint, these fibers arc, of 
course, plasma channels (the role I have ascribed to them as 
axis-cylinders or neuro-fibrils), and not as Barker calls them 
“motor-nerves,” nor even aB Apathy terms them “conductors. 
In fact, as is well known, and as Stewart says, thei ncrve-im- 
pulse “passes over ihe nerve with a measurable velocity. Kvi- 
dence to the effect that the axis-cylinder is not a conductor is 
also available in Durantc’s paper—though this observer was not 
aware, of coume, of the identity of the fiber. ae neural capil- 
laries: “A normal nerve,” write, tlii. clinician, ‘■• «dowed 
with two eawntial phyaiological property, ronduetMU, (the 
property of tmnemitting the ncrve-impuM end tmtabMf 
(thetoftraneforming exogenou. vibration, intovibrntion. c*I»- 
bl. of being trannnitted .long nerve-path.). In the 
regeneration, fifteen or twenty d.y» after rectum end ■"mediate 
eutnre of e motor trunk, the volontery movement. «eur. * ‘ 
though electric excitation of the peripheral end give, no naralt 
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(Duchenne). Then, indirect currents applied npon the central 
end [the sutured stumpj provoke contractions, while ho result 
is obtained by exciting the scar or the peripheral end (Bib). 
The peripheral end is thus a conductor before being excitable. 
At this stage, as Howell and Hubert, Weiss, etc., have been able 
to observe, this peripheral end is still composed of imperfectly 
differentiated embryonic protoplasmic tubes. These and other 
facts tend to show that the protoplasm of neurdblaete , even when 
undifferentiated, can alone transmit, at least partly, nervous im¬ 
pulses, and this in the absence of the axis-cylinder which has 
been considered as the conductor par excellence.” 

This evidence, backed by all the data previously adduced, 
speaks for itself. Beferring to the function of the myelin- 
sheath, Howell 1 ** states (1905) that "nothing that is certain 
can be said upon this point.” In the first volume 1 ** I pointed 
out that it did not act as a mere insulating material as now be¬ 
lieved, this rdle being probably fulfilled by the keratin neuril¬ 
emma, aqd that it—the myelin, or white substance of Schwann 
—was the active agency in the elaboration of the nerve-im¬ 
pulse. We now see that the true nervous matter is the product 
of a chain of neuroblasts which, at a given time, surrounds the 
axis-cylinder, forming the so-called myelin-sheath, and that it 
is this structnre which, in the absence of the axis-cylinder, 
transmits nerve-impulses. The "avalanche” phenomenon af¬ 
fording proof that the latter increase in activity with the length 
of a nerve, it is plain that each neuroblast must contribute nerve 
energy to the sum total produced. The neuroblast being a seg¬ 
ment of the myelin, it follows that I did not err when in 1903 
I considered the latter as the source of the nerve-impulse. 

The identity of the nerve-cells composing a neuraxon or 
nerve now suggests itself. The so-called myelin-sheath is sub¬ 
divided, as is well known, at intervals varying from 80 to 900 #t 
by constrictions, the nodes of Banvier, through which the axis- 
cylinder passes. Each segment thus formed is a cell supplied, 
like all other cells, with a nucleus. This, in the light of my 
views, is the only true nerve-cell—the cell-body and its den¬ 
drites being the sensorium of the whole structure—while the 
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neuron assumes the rank of an organ, just as a sweat-gland is 
an organ. 

* Briefly, this evidence has served to show (1) that a neuron 
is not a cell, but an organ composed of many cells; (2) that 
liko all othor cells of the body, the cells composing a neuron con¬ 
tain adrenoxidase, nucleo-proteid, and a 1rypsin-Wfe ferment: 
(3) that the axis-cylinders are the extension in the nerve of the 
neuro-fibrils which enter the dendrites from above and form a 
meshwork in the cell-body (the main cell of the neuron) and 
around its nucleus; (4) that the neuro-fihrUs, including the net¬ 
work mi the cell-body and the axis-cylinders, are not, as now be¬ 
lieved, conductors, but capillaries which supply adrenoridase- 
laden plasma to the cells of the neuron; (5) that the myelin is 
not, as now believed, a mere insulating material, but the seat 
of the metabolic processes to which the formation of nervous 
energy is due. 

Other phases of the question as a whole must be studied be¬ 
fore the process through which the nerve-impulse is produced, 
and the nature of the impulse, can itself be analyzed. 

THE GRANULATIONS OP LEUCOCYTES AS LIVING 
SUBSTANCE. 

The sponge, as we have seen, is to a certain extent a 
counterpart of the cell-aggregates which constitute many highly 
differentiated organs, both as to structure and as to the manner 
in which their existence as living organisms is maintained. Its 
channels are traversed, as shown by Robert Grant, in 182°, by 
water currents (propelled by ciliated collar-cells), which enter 
by minute pores and leave by larger apical apertures. s 
stated by Professor Minchin, 1 " the animal receives in this way 
“a supply of oxygen for respiration.” If we compare these 
minute afferent pores with the permeable walls of our capil¬ 
laries and the efferent apertures of the sponge with our lymph- 
vessels, substituting for the water currents our plasma current* 
(which become lymph currents in the lymphatic 
siderable analogy between the irrigating process of the spange 
and that of our tissues will appear. Just as a sponge is a 
city of cells,” with canals coursing between them, so arc o 
tissues "cities of cells” with canals, our intercellular spaces, the 
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lymph-streams, simply replacing the sea-water streams. In¬ 
deed, Loiael 1 ** has compared the mesaglcea of sponges to lymph. 
This striking analogy applies even to the porous walls in which 
the colonies are. encased, since our tissue-cells ore likewise en¬ 
closed in porous connective tissue; A group of sponge-cells may 
thus be said to exemplify the tissue-cells in one of our lymph 
spaces. Finally, the excurrent canals, as the analogues of the 
lymphatic capillaries, serve similarly as a drainage system for 
these cavities. “By the outgoing current,” writes Minehin, 1 ** 
referring to sponges in general, “the waste products of metab¬ 
olism are removed from the body.” 

. The manner in which the tissue-cells of these lowly animals 
are nourished corresponds oIbo —in the light of my views— 
with that of our own tissues, Fiedler’s “N&hrsellen,” nour¬ 
ishing-cells or trophocytes, being, os their name indicates, recog¬ 
nised by naturalists as food-bearers, while their granules find 
their counterpart in “excessively minute” cells referred to by 
Minehin, which “often occur in nests os if they had originated 
from the breaking up of larger cells,” i.e., the wandering cells 
or leucocytes. That these cells can supply their granulations as 
nutritive particles, is also rendered evident by the observations 
of sottlogists. Minehin, 1 ” referring to the researches of 
Maos, 1 ** writes: “In Spongitla each ovum becomes surrounded 
. by a follicle formed of the parenchyma, amongst which a cer¬ 
tain number of trophocytes work their way. The trophocytes 
are concerned with the nutrition of the ovum. . . . The nu¬ 
triment received from the trophocytes being worked up into yolk 
granules .” We will see presently that the nutrition is but a 
prototype of the mode of nutrition of all cells. 

The rfile of these trophocytes exemplifies the general func¬ 
tion carried on by leucocytes in the nutrition of cellular ele¬ 
ments in the higher organisms, as I interpret it, the parenchy¬ 
matous follicles r epre s en ting a “city of cells” in our lymph spaces. 
The conversion of the nutriment into yolk granules is ascribed 
by Moos, however, to on intrinsic process in the recipient, i.e., 
the ovum; but as we have seen, there is ample evidence to show 
that the leucocytes themselves convert food-staffs into assimil- 
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mUe end-products, their granulations. Again, I have referred 
to these cells as "tissue-builders;” even this cardinal function 
is exemplified by their rile in the sponge. Professor Minehin, 
for example, states that “archseocytes,” the name given to these 
wandering cells when they assume the rile of germ-cells, “are 
capable of giving rise again as sexual cells, to Ms whole organism, 
or, in the gemmules, to any form of tissue.” 

The function that leucocytes can fulfill in this connection, 
tmO,, as tissue-builders and germ-cells, is of far-reaching im¬ 
portance. It affords (1) a clue to the manner in which the 
leucocyte granulations penetrate tissue-cells to carry on their 
functions .therein, and (2) proof that they—the leucocyte 
granulations—are living organisms in the sense that sperma¬ 
tozoa are living cells. 

A spermatozoon, in fact, differs but little from a leucocyte 
granulation. “The head of the spermatozoon represents the 
nucleus,” writes Howell, 1 *® "and contains the valuable chro¬ 
matin material.” We have seen .that the phosphorus-laden 
nuclein is the active agent of the granulations. ■ The same 
physiologist says: 1 * 1 "These heads consist entirely of nuclear 
material.” . . . "Miescher, in investigations upon the sperma¬ 
tozoa of salmon, discovered that the heads are composed essen¬ 
tially of an organic combination of phosphoric acid, since 
designated as nucleic acid, united with a basic albuminous body, 
protamin. This view has been confirmed and extended by later 
observers, especially Kossel and his pupils” 1 ** Inasmuch 
as protamin is a proteid, the head of a spermatozoon may be 
said to be composed, like a leucocyte granulation, of nucleo- 
proteid. Again, as likewise shown by Kossel, the quantity of 
alloxuric bases is considerable only in blood rich in leucocytes. 
"In such blood,” says Hammarsten, 1 ** "Kossel found 1.04 per 
mille nuclein bases against only traces in the normal blood.” 
Now, Howell, alluding to the nucleic acid in the spermatozoa of 
the salmon, states that "on decomposition by hydrolysis it 
yields at first some of the purin bases (adenin, guanin) . . ” 
etc. Even the minuteness of the leucocyte granulation is a 
known characteristic of the head of the spermatozoon. 
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Stokm and Wsgafia:|tii.write to illustrate their 
them, granulation*, when tt*pa|ed-te a temperature 
that of the body: “At time* the granular leoeo^telfiiitMiiti 
actively, amoeboid, and the granules witkik the nctitmipbite' 
e*h&it a characteristic activity which might be compared to the 
■mvnaiag of bees around a hive. The number of fins gstfnlei 
free in the plasma la perceptibly increaa^i The eorincphtiic 
granulations also show a less vigorous tremulous motion, and 
both varietiea follow the changes in the direction at the peeodo- 
podia, the protoplasm being thrown ont first, and the gjNpj^dea 
following. The characteristic dancing motion of the gr^snles hi 
the neutrophilic leucocyte can be brought out very plainly by 
simply mixing the drop of blood with an equal amount of dis¬ 
tilled water containing 1 per cent, of aleohoL The granules 
become very aotive and present a characteristic picture.** 

- The granulations of leucocyt e are thus similar to epenna- 
toeoa in chemical composition, staining properties; .like these 
organisms they are motile—the motions in both being vibmtile— 
epdtheyare capable at becoming chromoaomee in the process 
WQMp^hctiofu, They axe ptactiealt|r. tailless spermatmoa 
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■**■* ^*7 is Another conclusion imposed 

hgr t mr eon^panden e^^riMto^ which in themselves 
s'ffttded w tiring cells. for example, write* that 

*Hhc spermatozoa of i|§ frog may be frosen four times euccce 
eirely wit&oujk injury; they endure a heat of 43.75* C. and con¬ 
tinue to live |or seventy days in the testicle transplanted to the 
• abdominal entity of another frog.” Now, we have seen that the 
of the ^ermatoaodn contains chromatin and that all 
cells show aijkong the granules in their protoplasm some that 
correspond u| their staining properties and chemical composi¬ 
tion with thofe of leucocyte granulations. 

If, however, these granulations are living structures, the 
cellular chromatic granules should also be endowed with life. 
Henle (1841); and subsequently Bdchamp and Estor, Maggi and 
Al tm a nn held that “microtomes are actually organic units or 
bioblaatB capable of assimilation, growth and division, and hence 
to be regarded as elem e n t a r y units of structure standing be¬ 
tween the cell and the ultimate molecules of living matter. 1 ** 
Altmann 1 * conception, 1 "* the most comprehensive, was. that a 
cell was a colony of such elementary granules or “bioblaste” 
capable of leading an independent existence. Bacteria, for in¬ 
stance, were considered as “bioblasts;” so were waste-products, 
ijjpjMtaplets, and many other heterogeneous substances. Such a 
<^p£pread application of the theory caused it naturally to be 
Received with great skepticism, and practically to be set aside 

r 


j'Jffcea- bacteria were found to be cells. As shown below, how- 


•WW, there is good ground for the view that the microsomes of-a 
' Cell are living entities. Indeed, it is possible also that leucocyte 
^granulations may prove to be cells in keeping with sperma- 
Jtooaa.' Minchin, for example, refers to the granules derived 
from the trophocytes of sponges as "excessively minute cells" 
haring "a nucleus and a clear cytoplasm." Mttller 1 "* also 
tfUudee to markedly active granules found in lymph "enclosed 
in an albuminoid covering." 

-fn Many other investigators, as previously stated, have based 
comprehensive theories on the p re s e nce in all cells of living 
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or viable units. The “physiological units” of Herbert Spencer, 
to which this great philosopher ascribed the phenomena of 
regeneration, development and heredity, Weism aim's “bio- 
phores,” Beale's “bioblasts,” Verwom's “biogens," and the vari¬ 
ous hypothetical units of cellular organisation and.'function in¬ 
troduced in the writings of Darwin, de Vries, Haeckel, Foster 
and other authorities, certainly point to the need of such ele¬ 
mentary bodies to account for vital phenomena. Indeed, Ver- 
wom refers 110 to his “biogens" as “the real bearers of life," 
hence to living units. 

Again, Wilson, after reviewing some of the foregoing evi¬ 
dence, and referring to cells in general, writes: “Many of the 
granules, especially the larger and more obvious of them, are 
unquestionably inert bodies, such as reserve food-matters, sus¬ 
pended in the meshwork. Others are the nodes of the network 
or optical sections of the threads. But there is some reason 
to believe that, apart from these appearances, discrete living 
particles may form a constant and essential feature of the pro¬ 
toplasmic thread. These particles, now generally known as 
microtomes (Hanstein, '82), are embedded in threads of the net¬ 
work." The latter does not alone embody the living constitu¬ 
ents of the cell, for he Bays, elsewhere, 111 after reviewing the 
labors of Van Beneden, Heidenhain, Reinke and Schloter: 
“When all these facts are placed in connection, we find it diffi¬ 
cult to escape the conclusion that no definite line can be drawn 
between the cytoplasmic microtomes at one extreme and the- 
chromatin granules at the other. And inasmuch as the latter 
are certainly capable of growth and division, we cannot deny 
the possibility that the former may have like powers." 

This conclusion harmonizes with my own reached from a 
different direction, both as to the functional relationship of the 
nutritional leucocyte with the tissue-cell, and as to the kinship 
of its granulations with the biochemical structure of the sperma¬ 
tozoon and its rdle in reproduction. Just as the germ-cell is 
a living unit, so is the chromatin granule or microsome a living 
unit, and the leucocyte granulation, being naught else than a 
chromatin granule when transferred to the tissue-cell, is like- 
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we, therefore, a living unit. So oloee a kinship between the 
spennatoaofin and the leucocyte granulation appears anomalous; 
bat we must not overlook the fact that, interpreted from my 
standpoint, the granulation perpetuates, as nutritional sub¬ 
stance; what the apennatosoon initiates, t.e., the life process. 

This evidence appears to me to warrant the following con¬ 
clusions: (1) that the granulations of leucocytes are living 
units which perpetuate in the organism what the spermatozoa 
initiate in the ova, vis., the vital process, the cellular develop* 
meat; (2) that when leucocytes migrate from the blood to the 
tissue-cells in the lymph spaces, the granulations they secrete 
therein penetrate into the cells as spermatozoa penetrate into the 
ova; and (3) that the granulations of nutritional leucocytes be¬ 
come the nudeo-proteid chromatin granules or microsomes of 
tissue-cells. 

THE ACTIVE PRINCIPLE OP ADRENOXIDASE AS THE 
DYNAMIC ELEMENT OF LIFE. 

The leucocytes, as we have seen, supply granulations to tho 
tissue-cells and constitute their chromatin granules. An im¬ 
portant discrimination becomes necessary in this connection, 
however. Wilson, referring to the investigations of Heiden- 
hain, confirmed by Beinke and Schloter, states that w the nuclear 
network contains granules of two kinds, differing in their stain¬ 
ing capacity. The first are fautchromatin granules, which stain 
with true nuclear dyes (basic anilines) and are identical with 
the ‘chromatin granules* of other authors. The second are the 
ozyehromatin granules of the linin network, which stain with 
plasma stains (acid anilines, etc.), and are closely similar to 
those of the cytoreticulum** or network. The first are evidently 
the nudeo-proteid granules derived from leucocytes, since Heid- 
enhain found. In accord with other physiological chemists, that 
“basichromatin is a substance rich in phosphorus (m., nucleic 
add). 1 * The identity of oxyebromatin la as self-evident, but its 
importance In the vital process is so great that I will submit, ’ 
along with the data whidi indicate the idle of oxychromatin, 
testimony to the effect that this substance is adrenoxidase. 

Huxley's definition of life: "A universal disintegration 
and waste of oxidation, and id concomitant reintegration hy the 
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intussusception of new matter,” depicts the sequence of events 
in cellular metabolism. This conception involves first of all 
the breaking down of worn, though still living substance, and 
its replacement by materials derived from the exterior, but evi¬ 
dently capable only of acquiring life. As Spencer says: “No 
separate molecule of proteid possesses vitality.” 

The manner in which the first part of the process, the dis¬ 
integration of living matter, is brought about, is suggested in 
the following lines by Chittenden: “Chemical study has shown 
that nucleo-proteids, by simple hydrolysis with mineral acids in 
a flask, can be broken down in some form of proteid, phosphoric 
acid and one or more purin bases, such as adenin, guanin, 
xanthin and hypoxanthin .... Too much stress cannot be laid 
upon the easy convertibility of the free purin bases, adenin, 
guanin, hypoxanthin and xanthin into uric acid by virtue of 
the action of the intracellular enzymes present in so many of the 
organs and tissues.” This undoubtedly applies to chromatin dis¬ 
integration, for, as stated by Halliburton,”* Hoppe-Seyler 
found that the true nucleins, those found in the cell nuclei, 
yield “proteid xanthin and alloxuric bases” and “phosphoric 
acid,” and that the nuclei “richest in nucleic acid occur in 
the chromatic fibers of the nucleus.” 

In the light of these facts it is evident that “disintegra¬ 
tion and waste by oxidation ,” as expressed by Huxley, no longer 
represents the process through which the living portion of the 
cell is destroyed, according to the more advanced teachings of 
physiological chemistry. Indeed, as we have seen in the pre¬ 
ceding chapters,” 9 catabolism is not attended by cellular com¬ 
bustion, but by hydrolytic cleavage. 

Again, Gautier, 194 who pointed out as far back as 1881, 
that cellular metabolism occurred without the direct participa¬ 
tion of oxygen, as in the case of anaerobic bacteria, also at¬ 
tributed the disintegration of the living substance to hydrolytic 
cleavage. He writes, however, referring to the cell: “It is 
at the expense of iii products that the phenomena that furnish 
the animal the major part of its heat and energy occur.” As 
interpreted from my standpoint, it is not at the expense of its 


n* Halliburton: Bcbftfer’a "T. B. of PhjraloL,’ 
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proimda that this bulk of heat energy is liberated. Indeed, the 
prevailing doctrine does not enlighten us as to the manner in 
which this energy is produced. “If heat is indispensable to liv¬ 
ing beings,” says Morat, of Lyons, 1 ” “if the animal has framed, 
as it were, all its evolutional development so as to regulate 
it at a fixed and invariable rate; if it spunds combustible ma¬ 
terials in such quantities to uphold it to a certain level when 
there is no danger of losing it; and if it wastes and rids itself 
of it so actively when threatened with an excess of it. heat must 
be endowed with some rdle of the very first order and absolutely 
general in its bearing upon the elementary reaction* which sus¬ 
tain life , while giving the latter its maximal activity and value. 
It is this rfile that we cannot discern, not even properly define. 
We are reduced to the realization that such a degree of hc.it 
is useful; that another is bearable and that another is harm¬ 
ful, but we cannot give the reasons for this.” 

Still, Morat touches the keynote of the true process—in 
the light of my views—when he adds: “It seems, however, 
that we can connect this factor with the conception, still so 
vague, of fermentation. Fermentation is (he paramount chemi¬ 
cal process of the living being; fermentation characterizes life; 
Life is a fermentation!“* It is not to hydrolytic cleavage, due 
to the action of trypsin, however, that Professor Morat refers. 
After defining the properties of catalytic agents, he writes: 
"The ferment is thus endowed with the most general character¬ 
istic of living beings: it modifies its environment in a specific 
way without disappearing itself, that is to say, while preserving 
itself.” The final purpose of this catalytic ferment in the vital 
process is then brought forth in the sentence: "In doing so, 
it awakens thermogenic reactions.” 

Yet, how does a catalytic ferment awaken these heat-pro¬ 
ducing reactions? Obscurity recurs in this connection. The 
author ascribes the intracellular process to the fuet that “some 
agent is capable of converting some such commonplace energy as 
heat into modalities of energy commensurate with the reaction 
to be obtained. 0 This is the characteristic effect of the fer¬ 
ment, but the main feature of the problem is left unsolved. 


Hades are Pro t. Kmi'i own. 
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Indeed, Mont states that "this enlightens us in no way upon 
the intimate mechanism tff its action.** 

The identity of the agent that is capable of carrying on 
these functions suggests itself in the light of all the evidence 
I have submitted, namely, adrenoxidase. We have seen: (1) 
that its active principle, that of adrenal secretion, is not only a 
ferment, but the “ferment of ferments’* and, therefore, a com¬ 
ponent of all cells; (8) that it acts as a catalytic agent or “oxy¬ 
gen transmitter” in all animals provided with adrenals, and that 
its analogue in animals which are not known to possess such 
organs, and in plants likewise, acts as a catalytic, and finally, 
(3) that it acts as a thermogenic agent when its loose oxygen 
is brought into contact with the phosphorus of nucleo-proteid 
granules. 

Adrenoxidase thus meets all the conditions expressed by 
the word “fermentation” as Morat—voicing the trend of modem 
research—interprets it. It follows, therefore, that since, as he 
says, “Life is a fermentation,” adrenoxidase is the dynamic 
agent in the vital process. ' 

What function does adrenoxidase fulfill in the cell? ' 

Pfeifer 1 T * writes: “Various post-mortem oxidations may 
occur after death, as for example when the sap of Monotropa, 
Vida faba, etc., turns brown. These appear to be produced by 
the action of certain substances to which the provisional nam e 
of oxydases may be given.” Gautier,*” alluding to this sap, 
states that “it is always add, while the protoplasmic portion 
is always slightly alkaline.” He also says that it contains, be¬ 
sides acids, various “products of the cell,” inclu ding , among 
other substances, pigments, extractives, sugara, fats, and alka¬ 
loids, which “the protoplasmic pockets,” i.e., the vacuoles, “could 
bo seen in certain instances” to eliminate. Now, the animal 
cell is similarly supplied with excretory channels. Bdhm, 
Davidoff and Huber state,*” for example, that among the 
various structures that protoplasm contains “the vacuoles de¬ 
serve special mention. They are more or less sharply defined 
cavities filled with fluid,” add these histologists, “and vary con¬ 
siderably in number and size. The fluids that they contain 
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differ somewhat, bat are always secreted by the protoplasm, and 
are, as a rale, finally emptied out of the cell.” It is plain that 
the products thus eliminated are wastes—the identical wastes 
or decomposition products which, we have seen, it is one of the 
functions of the lymph to sweep away. In fact, the fluid se¬ 
creted by the cell evidently corresponds with lymph, since no 
fluid other than this is derived from cellular olcinonts. Again, 
the presence of oxidase in the lymph of plants affords additional 
proof that we are dealing with lymph, since wc know that our 
tissue-cells are bathed in blood-plasma, which invariably, wc 
have seen, contains adrenoxidase, derived from the adjoining 
capillaries. 

An important feature of the question in point asserts itself 
in this connection: “The plasma of the blood,” writes 
Howell, 17 * “makes its way through the thin walls of the capil¬ 
laries, and is thus brought into immediate contact with the tis¬ 
sues, to which it brings .... oxygen of the blood and from 
which it removes the waste products of metabolism.” in other 
words, according to the present (1905) teachings, it is the oxy¬ 
gen of the plasma that is supplied to the tissue-cells, and thu 
plasma itself, which has become lymph, merely “bathes” thu 
exterior of the cells, sweeping off the wastes it eliminates. As 
stated by Landois, 1 "* however, “It can be conceived that, 
through contraction and diminution in size of their cull bodies 
. . . . they [the cells] might exert suction upon the blood- 
plasma transuded. If the cells, themselves, then take up the 
transuded fluid, the conception is permissible, further, that by 
subsequent contraction they express this fluid in a certain di¬ 
rection, namely, from secretory space to secretory space, to¬ 
ward the lymph-capillaries.” 

This suggestion harmonizes perfectly with the facts em¬ 
bodied in the preceding paragraph. Indeed, the data I have 
submitted in the foregoing pages indicate (1) that it is not 
around the tissue-cells that the blood-plasma passes, but through 
these cells, and (8) that they do not absorb oxygen from the 
plasma, but that the intrinsic cellulaT process involves the ac- 
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tive participation of the odrmoxidose which passes through the 
cells with the plasma. 

This accounts for the fact that oxidase is present in the 
fluid eliminated by way of the vacuoles, the cellular emunc- 
tories, and tor the observation of Abelous and 3Iamda tB1 that 
tissues are even richer in oxidase than the blood itself. .Lillie*** 
found, moreover, that animal cells were endowed with oxidis¬ 
ing properties and that lymphocytes and leucocytes contained 
oxidase. Again, if, as I have pointed out, axis-cylinders and 
■ neuro-fibrils contain this substance—adrenoxidase—and that it 
is on this account that they take methylene-blue, the ground- 
substance or cytoplasm of cells should also take this stain. 
Gulland,*"* in an illustrated study of the granular leucocytes, 
shows several methylene-blue stained cells, in which the cyto¬ 
plasm, along with other structures to be described presently, 
took the Btain. It is evident, therefore, that the cells absorb 
the adrenoxidase-laden plasma as it enters the lymph-spaces, 
and that they eliminate it—probably by contracting periodic¬ 
ally—with all wastes, by way of their vacuoles. 

The framework of the cell, the cytoretieulum, was called 
by Leydig its "spongioplasm,” so greatly did it recall that of 
the sponge. Beferring to this structure, Wilson** 4 states that 
"it is composed of irregular rows of distinct granules which 
stain intensely blue with hematoxylin, while the substance in 
which they are imbedded, left unstained by hematoxylin, is 
colored by red acid aniline dyes, such as Congo red or acid 
fuchsin.” Elsewhere, in describing a diagram** 1 of a cell, he 
says that "its basis consists of a thread-work (mitome or reti¬ 
culum) composed of minute granules (microsomes) and travers¬ 
ing a transparent ground-substance.” Again,*** recalling the 
researches of Van Beneden and his own, he writes: "It is cer¬ 
tain that the microsomes are not merely nodes of the network, 
or optical sections of the thread, as the earlier authors main¬ 
tained.” " 

What is the nature of these microsomes? 
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Tho network of the nucleus contains, an previously slated, 
h a sichrrmist i n granules and oxychromatin granules. Again, 
Wilson refers to the latter as “closely similar to those of the 
cytoreticulum” or cellular network in their staining properties. 
Aa baaichramatin granules were found by Heidenhain and 
others to be rich in phosphorus, those of nuclear network are 
doubtless composed of nuclein or nuclco-protcid. The nuclear 
network which corresponds tinctorially with the network of the 
ground-substance or cytoreticulutn, therefore, is that coni|>osed 
of oxychromatin granules. Having now seen that the plasma 
passes through the cells and that oxidase is present in the lluitl 
eliminated by the cell, there is good ground for the lielief that 
the oxychromatin granules are in reality composed of adren- 
oxidase. That such is the cuse is shown by the fact that both 
substances correspond in their Btaining properties. Thus, in 
the leucocytes stained with inuthylcne-hluc by (lulland, the cyto¬ 
reticulum took the stain as well as the cytoplasm, but more in¬ 
tensely. This shows that adrenoxidase la present in lioth 
structures though in a more condensed form in the network. 
Again, Wilson states that the turychroinatin network stains 
with “plasma stains (acid anilines, etc.)," ami refers to the fact 
that the Biondi-Ehrlich mixture of acid fuchsin and methyl- 
green stains the cytoplasm of leucocytes ml. Now, Heiden¬ 
hain showed that the oxychromulin granules are also stained 
ml by this mixture. Thus, the cytoplasm and the oytoreticu- 
lum correspond in their reaction to this stain as they did to 
methylene-blue. (Jutland's plates show the same correspond¬ 
ence with the Biondi-Ehrlich mixture. This is further sus¬ 
tained by the fact that the nucleo-proteid chromatin is stained 
green by this mixture. Thus Wilson says that the green sub¬ 
stance is the “chromatin of Flemming/* the bnsichmmatin, 
which, as stated above, is rich in phosphorus. It is evident, 
therefore, that just as the substance in the axis-cylinders of 
nerves is adrenoxidase (a fact controlliMl by the circulation of 
tetanotoxin-laden plasma in them), so is the cytoreticulum or 
spongioplasm of cells composed of adrenoxidase. 

The far-reaching meaning of this conclusion assorts itself 
in view of the fact that it is a living portion of the cell. “Since 
I saw the reticulum in continuous movement during the life of 
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a protoplasmic lamp/* says Heitzmann, 1 ” referring to obser¬ 
vations made by him in 1873, on the leucocyte of the newt, “my 
conclusion was that the reticulum is made up of the living or 
contractile matter proper; whereas the meshes contained a 
liquid, destitute as such of properties of life, filling the meshes 
of the sponge-like structure, and permitting the contraction of 
the solid portion—the living matter.” More recently, Wil¬ 
son also wrote, 1 *" alluding to the “sponge-like network,” “At 
the present time it seems probable that the more solid por¬ 
tion is the more aetive and is perhaps to be identified as the 
living substance proper , the ground-substance [the cytoplasm] 
being passive.” The role I attribute to adrenoxidase, viz., that 
it is “the dynamic agent in the vital process,” harmonizes clearly 
with this view, especially when we consider that it is probably 
in its original form that it occurs in the network. 

That the “granules” described are formed only after death 
of the cell, and owing to the methods of fixation employed, is 
probable, however. We have seen that in its original state—as 
the albuminous portion of oxyhemoglobin—adrenoxidase leaves 
the red corpuscles in the form of droplets, the so-called “blood- 
platelets” or “heroatoblasts.” Indeed, Lowit 1 ** found blood- 
platelets “within capillary blood-vessels just removed from 
animals, and in which the blood was still fluid,” though none 
could be discovered in the circulating blood. These vessels 
being the very ones that supply plasma to the lymph spaces, 
the adrenoxidase droplets reach the cells almost at once after 
traversing the capillary walls.* 

In the preceding section, I pointed out that the granula¬ 
tions of leucocytes were living substance and that they entered 
the cells as spermatozoa penetrate ova. We have now seen that 
adrenoxidase is the dynamic agent in the vital process. It is 


* The semifluid nature of adrenoxidase sbggeeta that the network or cytl- 
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therefore owing to the presence of adrenoxidase in the leuco¬ 
cytes 1 * 1 that the nudeo-proteid granulations become living en¬ 
tities. We also find adrenoxidasc forming a delicate and dose 
network throughout the cdl—a network recognized as the living 
portion of the cell. 

On the whole, the evidence submitted appears to me to war¬ 
rant the following conclusions: (1) that adrenoxidase, owing 
to its ability to act simultaneously: as a catalytic, as oxidizing 
body, and as the ferment of all ferments, is a dynamic agent in the 
vital process; (V) that the nucleo-proteid granules are evolved 
as living units by the digestive leucocyte* because these cells 
contain adrenoxidasc; (3) that the blood-plasma does not, tie 
now believed, on penetrating the lymph spaces circumvent the 
tissue-cells and yield its oxygen■ to them; (-1) that the hlootl- 
plasma on entering the lymphs/sices at once enters the cells ami 
thus supplies them directly with adrcnoxitlase ; (5) that the 

"oxychromatin" network of the nucleus and of the cytoplasm or 
groundsubstance, are both composed of adrenoxidasc; and (ti) 
that these networks are the living jtortion of the cell. 

What is the functional relationship between adrenoxidasc 
funning the cellular networks and the nuduo-pmteid granules of 
the cytoplasm ? 

THE ACTIVE PRINCIPLE OK A UK KNOX I DANE AS THE 

DYNAMIC ELEMENT OF LIFE (ronliiiucd). 

■ 

An important constituent of the cell has so far received 
but little attention. 1 have repeatedly referred to the func¬ 
tion of the nucleo-proteid, hut only to that of ita phosphorus- 
laden constituent, the nuclein. Its proteid moiety plays, none 
the less, a prominent role in the vital process; indeed, when the 
granulations of leucocytes were referred to as living entities in 
a preceding section, a more detailed analysis of the question— 
inappropriate at the time—would have pointed to this moiety 
as a living substance. Thus, Vcrworn ,M says that “it is the 
proteids whose presence constitutes the general essential condi¬ 
tion and focus of life.** This estimate is fully sustained when 
the vital process is interpreted from my standpoint, since the 
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functions I have attributed to nnolein and adrenoridase bad all. 
the same general trend, vi*., to convert the dead proteid mole¬ 
cule received as food, into living-proteid; to ma inta i n its life 
as long as it wmb useful to the cell; to break it down when worn 
and convert it into eliminable waste-products. In brief, the 
proteid molecule is that acted upon in all phases of the vital 
cycle and essentially, therefore, the focuB of vital activity.* 

The supply of proteid corresponds quantitatively, of 
course, with that of the nudeo-proteid granules. There is a 
suggestive contrast, however, between the nucleus and the rest 
of the cell, “the former,” as stated by Wilson, 1 ** being charac¬ 
terized by an abundance of nuclein, while the cell-body “is 
.especially rich in proteids and related substances (nucleo-albu- 
mins, albumins, globulins and others)The predilection of the 
nucleus for a substance “rich in phosphorus” such as nuclein is 
accounted for by the nature of its function. As pointed out by 
Claude Bernard, it is “an apparatus for organic synthesis, an 
instrument calculated to produce, and is the germ of the cell.” 
It receives materials, therefore, and adjusts their components 
to the needs of the latter. 

The evidence so far adduced provides only for a promiscu¬ 
ous distribution to the cell in general of leucocyte granulations 
and adrcnoxidase. How does the nucleus acquire its surplus - 
of nuclein? 

That nuclei are mobile in the cell-body lias bcfen noted by 
various investigators. Korschelt ‘observed, moreover, that 
“there is a definite correlation, on .the one hand, between the 
position of the nucleus and the source of food supply, on the 
other hand between the size of the nucleus and the extent of 
its surface and the elaboration of material by the cell,” mean¬ 
ing by the latter its secretory activity. He gives as examples 
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the aflk^odi of nriou lepidopterous lirra (Meckel, Zaddach, 
etc.). “Here,” writes Wilson, 1 * 4 who cites Korschelt, “the no* 
dsns forms' a labyrinthine network by which its surface is 
brought to a maximum, pointing to an arises exchange of ma¬ 
terial between nucleus and cytoplasm.” Again, “in many of the 
insects, 1 * examples of which are given, “the egg-nucleus at first 
occupies a central position, but as the egg begins to grow, it 
moves to the periphery on the side turned toward the nutritive 
cell.” By the latter is meant the '‘nurse-celT which accompa¬ 
nies developing ova in various insects, including certain butter¬ 
flies, worms, earwigs, etc. The nutriment is evidently trans¬ 
ferred from the nutritive cell to that nourished, and in the 
form of granules. Thus, Wilson writes, referring to the eggs 
of the water-beetle Dgeticue, in which Korscholt was able to 
observe the movements and changes of form in the living ob¬ 
ject: “The eggs here lie in a single series alternating with 
chambers of nutritive cells. The latter contain granules which 
are believed by Korschelt to pass into the egg , perhaps bodily, 
perhaps by dissolving and entering in a liquid form. At all 
events, the egg contains accumulations of similar granules 
which extend inwards in dense masses from the nutritive cells 
to the germinal vesicle, which they may more or less com¬ 
pletely surround.” .... “The granules could not bo traced 
into the nucleus, but the latter grows rapidly during these 
changes, proving,” says Wilson,'“that matter must be absorbed 
by it, probably in liquid form.” 

This affords tangible evidence in several directions, (1) 
that a cell may be nourished by another, and, therefore, that 
leucocytes can serve as nurse-cells—as they do, we have seen, 
in SpongiUa; (2) that the food may be transferred in the form 
of granules, some, perhaps, in liquid form; (3) that a nucleus 
is a mobile structure; (4) that it adjusts its position to the 
source of the food supply; (5) that it is able as an autonomous 
body to ingest materials suitable for its own nutrition and 
growth; and (6) that it can transfer materials to the cytoplasm. 

The manner in which the nucleus acquires its abundance 
of nuclein now suggests itself: The nucleus moves wherever 
granules derived from leucocytes are most prolific, and when 
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supplied according to its needs, it moves away. Thus, Haber* 
landt ,N noted' that in plants, growth in any part of a cell was 
always preceded by “a movement of the nucleus to.the point 
of growth,” and that after the proems was terminated “the 
nucleus often moves into another part of the cell.” That gran¬ 
ules may thus enter the nucleus is shown by the fact that bac¬ 
teria may be drawn into the nucleus of phagocytes as observed 
by Bail. 106 The same mechanism applies to the adrenoxidase, 
i.e.j the oxy chromatin, which, as shown by Heidenhain and 
others, is also present in the nucleus. Here, the nucleus has 
merely to move in the part of the cell nearest the capillary 
from which the latter receives its blood-plasma, to receive, if 
its functions require it, an unusual supply of adrenoxidase 
droplets, which, as we have seen, are to be found in the peri¬ 
cellular capillaries. 

There is evidently a close functional relationship between 
the nucleus and the cytoplasm. When a portion of the latter is 
cut off from the' part of the cell containing the nucleus, it may 
live for a while and move about normally; but, as Wilson says: 
“Such a mass of protoplasm is, however, devoid of powers of 
assimilation, growth and repair, and sooner or later, dies.” In¬ 
asmuch as we have seen in the preceding section that the cyto¬ 
plasm contained a close network regarded by many investiga¬ 
tors as the living portion of the cell, it follows that it must be 
the nucleus which supplies the cell with its papulum vitas. This 
is sustained by the fact that, as also shown, the network of cyto- 
reticulum is composed of adrenoxidase droplets. It is evi¬ 
dently this substance which the nucleus dealB out to the cyto¬ 
plasm according to its needs. 

The manner in which it does so was analyzed in the first 
volume. 101 I suggested therein that the so-called “nuclear 
membrane” was in reality a cavity that contained .the sub¬ 
stance which, though derived from the nucleus, was projected 
into the body of the cell, and formed its network, its Btaining 
properties (iron-hsematoxylin) being similar to those of the net¬ 
work. Although the function of this “membrane” has re¬ 
mained unknown, the data recorded sustain my interpretation. 
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Thus, both Klein and Van Beneden consider it as similar in 
atrneture to the network y while Reinke 1 "" found that it con¬ 
sisted of “oxyehromatin granules like those of the linin net¬ 
work**—a nuclear structure. As oxyehromatin is adrenoxidase, 
the nuclear linin, the “nuclear membrane” and the network 
of the cytoplasm are all composed of adrcnoxidase. This is 
further confirmed by the fact that in (lulland's plate 1 "* all three 
structures arc shown to have taken mcthylcne-bluc. The role 
of the nucleus in the process now seems clear: It utilises 
what adrenoxidase it requires for its own use and feeds the rest 
into the “nuclear membrane”—the perinuclear vacuole, as I 
have termed it—whence it is projected into the cytoplasm to 
form the network. Each thread of this network, according to 
Van Beneden, Wilson and others, is conijtoscd “of a single series 
of microsomes, like a string of beads.” As Huininarsten* 00 re¬ 
fers to blood-platelets as “pale, colorless, gummy disks,” it 
could be considered as a string of adrenoxidase disks. 

Although the network of the cytoplasm is a living struc¬ 
ture, its identity as adrcnoxidase accounts only in part for this 
fact, since its properties, those of a catalytic and oxidising suit- 
stance, become manifest, in their relation to the vital process, 
only when nueleo-proteid is present. Since, as we have seen, 
nucleo-protcid granulations penetrate directly into the cyto¬ 
plasm, this feature is also met. Still, how are the adrenoxidnse 
droplets of the network and the nueleo-proteid granules of the 
cytoplasm brought into contact ? 

We have repeatedly seen that their mutual affinity is very 
great. So marked is it, in fact, that the blood-plates have licen 
found combined with nuclein in shed blood. Indeed, they 
jointly subserve two important functions in this fluid ns 1 have 
pointed out in the first volume :*•' the maintenance of tho 
blood’s temperature to its physiological needs; and fibrin coag¬ 
ulation, adrenoxidase being, wc have seen, the fibrin-ferment. 
During life the blood-platelets and the nucleo-protcid granules 
are dealt out by their respective cells, the red corpuscles and 
the leucocytes, as needed by the blood and are promptly dis- 
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solved. After death, however, or In shed blood, this stage is 
not reached and the platelets are found either in their normal 
state (Bissorero, Hayem, etc.), or in combination with nuclein 
(Kossel, Lilienfeld, etc.), and called, therefore, “nudein 
plates,” the latter, though abnormal entities, standing as proof 
of tjie mutual affinity of their components.' This explains the 
presence of the close-meshed network in the cytoplasm -and 
also its vital activity, since the affinity of its adrenoxidase for 
nucleo-proteid causes the granules of the latter to be drawn to 
the network at once on reaching the periphery of the cell. 

' Various phenomena that have remained unexplained now 
appear as normal consequences of the presence of these two 
bodies in the cell, both nucleus and cytoplasm. Alluding to 
the -labors of van Beneden, Heidenhain, Beinke and Schloter 
and to his own investigations, Wilson writes* 0 * in respect to 
the two kinds of granules: “These two forms graduate into 
one another.” Referring to the nucleus he says: “The chro¬ 
matic substance is known to undergo very great changes in 
staining capacity at different periods in the life of the nucleus 
and is known to vary greatly in bulk.” Again, 000 he quotes 
Heidenhain’s statement based on results obtained by physio¬ 
logical chemists and by himself: “Basichromatin and oxychro- 
matin are by no means to be regarded as permanent unchange¬ 
able bodies, but may change their color reactions by combin¬ 
ing with or giving off phosphorus.” 

The intracellular process is (dearly discernible in the light 
of these observations: A constant reaction between adrenoxi¬ 
dase and nucleo-proteid granules is going on, the oxygen of 
the former and the phosphorus of the latter combining inces¬ 
santly to liberate that heat energy which, as will be shown, is 
a necessary feature of the life of the cell, or rather, the life of 
its proteuf. 

How does this apply to the nerve-cell ? 

We have seen 000 that—from my standpoint—the neuron 
is not a mere cell, but an organ composed itself of nerve-cells, 
and that these nerve-cells, as far as the nerve proper ia con¬ 
cerned, are the internodal segments—the portions of the nerve 
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extending between the nodes of Ranvier. Each of these seg¬ 
ments is supplied, like til other cells, with its nucleus, located 
in the mysKa, which corresponds, therefore, with the cytoplasm 
of ordinary cells. This suggests that the myelin must be the 
seat of the-metabolic processes previously referred to. I have 
not only pointed out that the myelin is not a mere insulating 
substance, as now taught, but we have seen also that it is 
capable alone, and before, the axis-cylinder is developed in 
regenerative processes, of transmitting nerve-impulses. More¬ 
over, as stated by Sherrington,*** “the date at which a nerve 
fiber completes its development, by acquiring a myelin sheath, 
indicates the time at which it becomes functionally active." 
As I interpret this fact, pointed out by Flechsig, it em¬ 
phasises tlic cardinal rfllc the inyclin plays in the production 
of the nerve impulse. 

A question imposes itself in this connection: How, under 
these conditions, can “non-medullated" nerves, the fibers of 
Remak, generate or transmit impulses? Various authorities 
have held that these diminutive fibers are supplied with myelin 
as well as the “medullated” nerves. BoveriV** researches led 
him to conclude that they differed in no way from the latter, 
the axis-cylinder of the fibers of Remak being surrounded by 
a nucleated myelin sheatb. Tuckett,**’ in a comprehensive 
study of the literature of the subject and after personal in¬ 
vestigations, also concludes that “fibers of Remak consist of a 
nucleated sbeath enclosing a core,” and refers to the opinion 
of Ranvier,*** Axel Key and Retains,Schiefferdecker”* and 
Kfilliker* 11 that this core or axis-cylinder is composed of 
bundles of fine fibrils—a view now generally accepted. More¬ 
over, it stains with methylene-blue and acid fuchsin, showing 
the presence of oxychromatin,adrenoxidasc, and is repeat¬ 
edly referred to by Tuckctt as “granular," though he ascribes 
tliw to the action of the stains. It is apparent, therefore, that 
all nerves have a similar structure, and that the gray color of 
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the so-called “non-medullated” fibers is due merely to the fadt 
that their myelin coat is thinner than that of larger nerves. 

We have seen that in keeping with all other organs, a 
neuron is supplied with adrenoxidase, that this substance pene¬ 
trates into its cell-body through the neuro-fibrils which enter 
the dendrites, and that they form a very fine network, espe¬ 
cially dense around the nucleus. Now, this network is also 
termed the “cytoreticulum/* and, as it takes methylene-blue, it 
is doubtless the homologue of the network common to all cells. 
As such, therefore, it is the living portion of the cell in the 
sense that, being immersed in the cytoplasm or ground-sub¬ 
stance, it finds therein and, bb in other cells, combines with the 
nucleo-proteid granules—an important constituent of nervous 
matter, as we have seen.* 1 * 

Nervous substance contains various bodies which, until re¬ 
cently, were thought to be specific ti this substance, vis., the 
phosphorised fats, which include myelin, protagon, lecithin, etc. 
Waldemar Koch,* 11 however, has found them in other forms 
of protoplasm, including yeast cells, thus showing that nervous 
tissue differs only from all other tissues, in that it contains a 
larger proportion of these bodies. Their rdle is practically un¬ 
known. Thus, Halliburton* 14 writes: *‘Wo know little of these 
substances from the chemical standpoint, and still Icbb from 
the physiological. 1 " He also says, however,* 1 * referring to the 
“long list of substances to consider/* and especially to extrac¬ 
tives: M We can surmiso that they are mostly waste products, 
aa they are elsewhere/* Thu coincides with the conclusion 
that my views suggest. Indeed, the substances that are 
brought to nerve-cells by leucocytes arc, as clsowhcre,.proteids, 
sugars and fats. The proteid (nucleo-proteid) wastes are un¬ 
doubtedly present: thus, as stated by Halliburton, small quan¬ 
tities of xanthin, hypoxanthin, lactic acid, uric acid and urea 
have been identified. The fats are represented by lecithin, 
which, in turn, yields fatty acid and glycerine, phosphoric add 
and cholin. The sugars also appear in the form of galactose, 
obtained from the cerebrins, etc. 
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All this suggests that the nerve-cell is not so complex s ’ 
structure as it is now thought to be. Waldemar Koch, 11 * in 
a searching analysis of the question y was led to conclude that 
“cortical gray matter, free from white fibers, besides contain¬ 
ing no cerebrinB, also contains no neurokeratin, cholesterin and 
kephalin or myelin. Gray matter, therefore,” adds the author, 
“has a very simple composition, consisting of a mass of pmteids, 
lecithin and the sulphur compound.” As lecithin is a* waste 
product, the constituents are further reduced to the proteida 
and the sulphur compound. 

Now, these bodies include the nucleo-proteid and adren- 
oxidase we have found in all cells. By “proteids” Koch means 
Halliburton's three proteids.** 1 Two of these are globulins, 
i.e., fibrinogen (extra carport ) compounds. Referring to the 
third, however, Halliburton states that it is “a nucleo-proteid” 
which “contains 0.5 per cent, of phosphorus” and “coagulated 
by heat at 66 to 60°,” the identical nucleo-proteid, in other 
words, that we have found in all tissues. The identity of the 
sulphur compound suggests itself after the data submitted 
when the relationship of the adrenal secretion to bronsing was 
studied. I then showed**” that sulphur was a constituent of 
this secretion and therefore of the adrennxidaBe circulating in 
the tissues at large—including, of course, the nervous tissues. 
Gamgee, in fact, says, referring to haemoglobin, that “sulphur 
belongs to the albuminous part of the molecule”—the adren- 
oxidase—and the presence of this element indicates that 
“hemoglobin belongs to the proteid compounds.” (Hallibur¬ 
ton***). The presence of the sulphur compound to which 
Waldemar Koch refers affords additional proof, therefore, to 
the effect that adrenoxidase circulates in the nervous system 
as elsewhere. 

We are thus brought to the conclusion that the only ap¬ 
preciable difference between the nerve-cell and all other cells 
is the presence in the former of a larger proportion of fat. 
The nucleus contains a network which reacts to stains as does 
that of cells in general. The cytoplasm shows the same corre- 
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■pondence. The Nisei granules, which break down into fine 
dust in chromatolysis, are the homologues of the microsomes 
we have found in all cells; Halliburton says, in fact, that 
“microchemical methods have shown that they consist of 
nudeo-proteid.” 

The manner in which plasmatic adrenoxidase is supplied 
to a neuron is characteristic in that (interpreted from my 
standpoint) it is brought to them by minute capillaries, the 
neuro-fibrils. The cell-body of the neuron is supplied by fibrils 
which enter by way of the dendrites; the cells of the nerve 
proper are also supplied by fibrils, those which form their axis- 
cylinder, the plasma flowing upward or centripetally, in the 
minute tubes. But how does the adrenoxidase penetrate into 
the neural cells proper, u., the intemodal segments? 

In the first volume** 0 I submitted evidence showing that 
what was supposed to be a "supporting framework” in the 
myelin of each of the internodal segments, was in reality a 
"thread” which, according to Kezzonico and Golgi, forms a 
spiral or funnel-like tlneadwork around the axis-cylinder, and 
which, according to Tizzoni, communicates with the slits of 
Lautermann, or hollow canals described by this investigator, 
von Stilling, McCarthy, Wynn and others-. These slits or 
canals and their threadwork evidently contain adrenoxidase, 
for they are stained with hematoxylin (McCarthy), an “oxychro- 
matin” dye, we have seen, but which does not stain myelin. 
This ib evidently a counterpart of the cytoreticulum we found 
in all cells, for as stated by Bohm, Davidoff and Huber:** 1 
“On boiling in ether or alcohol the entire medullary sheath of 
a nerve-fiber does not dissolve, but a portion remains in the 
shape of a fine network.” 

The cells of the nerve proper, therefore, like the cell-body 
of the neuron, contain their adrenoxidase network, and the 
meshes of this network bathe in a medium rich in phosphorus 
and fat. Heat energy is thus continuously liberated to sustain 
the life of the cell. 

The wastes are eliminated through the lymphatic system 
as they are by other tissue-cells. "Although the nervous syB- 
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tem is*not known to be supplied with lymphatic vessels having 
definite walls, the circulation of lymph within the bundles of 
nerves is insured/’ as stated by Berdal," 1 "by the disposition of 
tiie intrafascicular connective tissue, the meshes of which rep¬ 
resent lymphatic cavities.” Such being the case, the plasma, 
after traversing the networks in the myelin, must either pass 
out through the neurilemma or at the nodes of Hanvicr into 
the interneural lymphatic spaces. Another lymph-space is 
present between the bundle and its external covering, Henlc’s 
sheath. The cell-body, as is well known, is also supplied with 
a pericellular lymph-space in which chromatic granules are 
sometimes found. 

How is the nerve-impulse generated and what is its nature? 

In the first volume 11 * I adduced evidence which had led 
me to conclude that in all organs all manifestations of activity 
were due to an influx of oxidizing substance (adrenoxidasc) 
into their cellular elements. We have seen 114 how essential 
oxygen is to nervous activity and that nervous elements are the 
seat of active metabolism. The presence of adrenoxidase in 
the networks of the cell-body, intemodal segments and nuclei 
of a neuron readily accounts for these phenomena and for the 
waste-products enumerated; it affords also a dear explanation 
of chromatolysis, etc. That an exacerbation of activity in a 
neuron is brought about by a process similar to that which pre¬ 
vails in all cells is self-evident. 

The details of this process again emphasize the need of re¬ 
garding the neuron, not as a cell, but as an organ. The meta¬ 
bolic activity, chromatolysis and other phenomena indicating 
work, are practically limited to the cell-body, and yet the ava¬ 
lanche phenomenon and other facts show that the nerve proper 
is itself a source of nervous energy. On the other hand, a 
group of neurons—or rather of their cell-bodies—is known to 
form "centers,” capable not only of receiving impulses, but of 
co-ordinating them and of transmitting the transformed im¬ 
pulses through their neuraxons, the nerves. It becomes a ques¬ 
tion now whether the cell-body of a neuron is itself the source 
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of the nerve-impulse or whether this function falls solely upon 
its neuraxon or nerve. 

The prevailing view that the cell-body initiates nerve-im¬ 
pulses is based upon the fact that electric or mechanical stimu¬ 
lation of a center will awaken peripheral manifestations 
through the nerves it governs; but this only shows that the 
cell-bodies forming the center are endowed with a property 
more or less marked in all cells,irritability. Again, a cell 
is not generally endowed with more than one function; and co¬ 
ordination, such as that shown by spinal “cells” in a beheaded 
* frog, which will enable the animal to brush off a corrosive sub¬ 
stance dropped on its back, is of such high order that it is only 
because it is a demonstrated fact that any cell or aggregate of 
cells other than those of the cortex can be regarded as pos¬ 
sessing such powers. That in addition to this power, the cell- 
body is able to generate a nerve-impulse is not only improb¬ 
able, but as shown below, its own irritability—the same irrita¬ 
bility that causes a muscle to contract or a gland to secrete 
when stimulated—enables it to cause its neuraxon or nerve it¬ 
self to generate and transmit impulses adjusted as to intensity, 
rhythm, duration, etc., to the needs of the peripheral organ. 
Briefly, the cell-body of a neuron is solely, from my view¬ 
point, a co-ordinating center, supplied with a chain of cells, the 
internodal segments constituting its neuraxon or nerve, and 
which cells are the source of all the impulses transmitted by 
the neuron. 

The manner in which the cell-body causes its nerve to pro¬ 
duce a stream of impulses is relatively simple. We have seen, 
by the upward flow of tetanotoxin, that the adrenoxidaae-laden 
plasma circulates centripetally in the fibrils forming the axis* 
cylinder, and that a part of it at least (the rest passing later¬ 
ally from the axis-cylinder into networks of the internodal seg¬ 
ments) flows up the whole length of the nerve, up to the cell- 
body. At this point, the nerve forms a hillock, the implanta¬ 
tion cone, which dips, so to say, in the cell-body’s substance, 
and itB fibrils (judging from the showings of Cajal’s newer 
methods) likewise. Now, it is apparent that the cliglUett con¬ 
traction of the cell-body or of the implantation cone around the 
bundle of axis-blinder fibrils must, by comp re ssing them, im- 
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Fig. 1. CELL-HCDY DR CHIEF CELL. A, a, fibrils as cuplllnrios fat 
adrBiinxldasa-plasma; b, Nlusl granules, ns nucluu-proliilit iiiJcmjhuiiibs. 

Fig. 2. TRUE NERVE-CELL, a, axis-cylinder fibrils ns capillaries 
for adranuxldass-plasma; b, nelvork fur dlstrlbutlcn cf pluitma throughout 
myslln; c, mysllni d, cell-nuclaua and nuclsoluu; a, nsurllomizia: f, Up nf 
nnt cell: g, Ranvlar’s node. In calls onnaurcm a, sills of Laulsrmann. 

Fig. 3. MUSCULAR TISSUE, a, meter andlngi fa. terminals cf fibrils 
cl axis-cylinder, In which adrsnuxldasa-plasma (and tstanctuxln) flow on¬ 
ward or a antrlp stally ■ 
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pede tiie flow of adrenoxidase-plasma throughout the whole 
length of the nerve, and by thus increasing the pressure of this 
substance in the axis-cylinder, cause an excess of it to flow into 
the networks of the interaodal segments or true nerve-cells. 
A sudden influx of oxygen-laden adrenoxidase into the phos¬ 
phorus-laden myelin from end to end of the nerve cannot but 
as suddenly incite a reaction entailing, as in all cells, the libera¬ 
tion of energy. 

This conception meets the various biological and experi¬ 
mental facts that have stood the test of time. Nervous energy 
has been identified with electricity since Galvani’s discoveries; 
and the galvanometer, the current generated by the electric 
organs of the sheath-fish, the torpedo, the electric eel and vari¬ 
ous vegetable and animal tissues have all served to show that 
this view is sound. Thus, the row of intemodal segments around 
the axis-cylinder, or what I regard as the only true nerve-cells, 
correspond in their general structure and composition with the 
"electric cells”—also long and slender—in the spinal cord of 
the electric eel. Again, as stated by Verworn, 111 "these elec¬ 
tric organs have the same embryonic origin as cross-striated 
muscles, to which also in their adult state, they possess great 
similarity." I have submitted evidence showing 11 * that mus¬ 
cular contraction is also produced by a sudden influx of adren¬ 
oxidase (oxidizing substance)—MacMunn’s myohaematin—into 
the muscular elements where, they also combine with a sub¬ 
stance containing nudeo-proteid—myosin ogen and a carbo¬ 
hydrate, glycogen. The same correspondence asserts itself in 
other directions: Sensory nerves are structurally similar to 
motor nerves, the sensitive "end-organs" affording prime facie 
evidence that irritahlity is the initial factor when nerve im¬ 
pulses are to be incited. This same irritability accounts for 
the fact that electric stimulation in the course of a nerve will 
evoke impulses, since the nerve-cells themselves are stimulated. 
Heat increases and cold decreases the velocity of an impulse: 
this b readily accounted for by the fact that myelin b liquefied 
by heat and hardened by cold. Alcohol impairs conductivity: 
this b because it becomes oxidised at the expense of the adren- 
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oxidase. Indeed, it is an established fact that deprivation of 
oxygen and asphyxia by anaesthetics likewise impair the conduc¬ 
tivity of nerves. 

The fact that my interpretation explains these various fea¬ 
tures of the question seems to me to indicate that, in its gen¬ 
eral lines at least, it is poised on a solid foundation. Although 
the nerve-impulse has been identified with electricity, the pro¬ 
cess through which it is produced and its nature as a physiolo¬ 
gical entity have not been found. Indeed, in the last edition 
of his work, Landois** 7 states that “the nature of the phy¬ 
siological nerve-stimulus in the normal body is not known,"— 
a fact readily accounted for when we realise that the two orig¬ 
inal sources of energy, the granulations of leucocytes and 
adrenoxidase, were themselves unknown. 

And this applies to all the living structures of the organ¬ 
ism, since, in the light of my views, all cells of whatever kind 
are perpetuated as living entities through the intermediary of 
these two sources of energy. One salient feature asserts itself, 
however, in this connection, vis., the masterful rfile of adren- 
oxidase. The proteid is, in truth, the living substance, but it 
is as dead substance that it enters the body. It is through the 
presence of adrenoxidase that it is endowed with life in the 
leucocyte, and that its identity as living tissue is sustained in 
the cell. Its active principle, acting as catalytic, is the true 
vitalizing agent in this process, since it is able, as such, to raise 
the oxidising activity of the oxygen it carries to a very high 
potency, and thus to provide the proteid with a correspondingly' 
great amount of heat-energy, by combining continuously with 
the phosphorus of the nuclein to which the proteid is anchored. 
As the proteid contains all the chemical constituents that ren¬ 
der it viable, the heat-energy thus supplied to it increases the 
vibratory amplitude of its atoms to that compatible with the 
living stAte, and it becomes living tissue. In other words, heat- 
energy becomes transformed into vital energy. Adrenoxidase, 
as catalytic and oxidising agent, is thus the life-giving and life- 
preserving constituent of all cells. 

The proteid lives as long as its physical properties are such 
as to enable it to Bubeervc adequately its function in the cell; 
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there comes a time, however, when worn, it must be removed. 
Here new factors are introduced, vis., the various hydrolytic 
triads, proteolytic, lipolytic and amylolytic (also brought to the 
cell by leucocytes, we have seen), to break down the proteida 
and what carbohydrates may be adjoined to them—fats in the 
nerve-cell, glycogen in the muscle-cell, etc. Again docs adren- 
oxidase assume control: _ Itself a part of the triads, it carrie* 
on its r61e as “ferment of ferments" in' each triad, and submits 
to hydrolytic cleavage the worn-out constituents of the cell, 
thus converting them into benign and eliminable waste- 
products. 

The two phases of the living process, the building up of 
living tissue, anabolism , and the breaking down of worn-out 
tissue, catabolism, are thus incited and governed by the oxygen¬ 
laden secretion of the adrenalB. 

On the whole, the evidence submitted in this and other 
sections appears to me to warrant the following conclusions: 

As to the conversion of proteid into living substance and its 
maintenance as such in the cell: (1) the proteid constituent of 
the nucleo-proteid granules is the focus of the vital process, the 
true living substance; (2) although it enters the body lifeless, 
it contains all the constituents of living substance and acquires 
life in the leucocytes through the agency of the adrenoxidase 
these cells contain; (3) adrenoxidase being both a catalytic and 
an oxidizing agent it causes, when combining with the phos¬ 
phorus-laden nuclein of the leucocytes nucleus, the liberation of 
sufficient heat-energy to amplify the atomic vibrations of the 
proteid to a point compatible with life, and thus transforms it 
into living substance; (4) when the proteid enters the cell and 
is drawn to the network along with its nuclein moiety, its living 
state is also sustained by adrenoxidase, but by that constituting 
the network, while the nuclein with which this adrenoxidase com¬ 
bines is that linked to the proteid; (5) life is perpetuated in the 
cell by the incessant arrival of particles of living substance which 
continue their existence therein, linger for a time, then leave the 
cell as waste. 

As to the functional mechanism within the cell: (1) The 
physico-chemical processes that sustain life occur in. or around, 
ther networks of the nucleus and cytoplasm, the affinity of the 
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adrenoxidase granules composing these networks for phosphorus 
causing them to attract the nucleo-proteid granules and to conw 
bine with them; (2) in the nucleus the two bodies are replaced, 
gradually as they are being used, by the absorption of granules 
of both kinds from the exterior; (3) the network of the cyto¬ 
plasm is also rebuilt as its granules are being used, but by the nu¬ 
cleus, which projects fresh granules of adrenoxidase into its 
threads; (4) the nucleo-proteid granules are continuously being 
taken up by the network from the accumulations of these gran¬ 
ules stored in the cytoplasm between its meshes; (5) the ground- 
substance between the meshes of the network is passive in the 
vital process, being a depository for the stored nucleo-proteid 
granules, waste products, salts, etc.; (6) when the nucleo-pro¬ 
teid granules, and what carbohydrates may be present, are worn 
out, they are broken down by the various hydrolytic triads (fer¬ 
ments) also brought to the cell by the leucocytes, and converted 
into benign wastes which are cast out through the vacuoles into 
the lymph spaces and ultimately eliminated. 

In the nervous system, the biochemical processes involved 
correspond, on the whole, with those of cells in general. Yet the 
neuron, as previously stated, is not a cell-unit as now generally 
taught, but an organ; it presents, moreover, structural peculiari¬ 
ties os to the manner in which its blood » distributed to its cells. 
As to this feature of the problem: (1) nerve-cells differ from 
ordinary cells in that they are supplied with adrenoxidase by cap¬ 
illaries (fibrils) that empty directly into their networks; (2) 
in the chief cell of the neuron, the "cell body" these capillaries, 
or " neuro-fibrils" reach the network or cytoreticulum, which 
is, as in other cells, composed of adrenoxidase (oxychromatin) 
grannies, and immersed in a plasmatic cytoplasm containing 
groups of nucleo-proteid (basichromatin) granules; (3) in the 
neuraxon or nerve, the axis-cylinder fibrils allow the adrenoxi¬ 
dase to traverse their walls (as it does through those of ordinary 
capillaries) and to enter the slits of Lantermann in the myelin, 
which slits in turn open into the networks in this substance. 

As to the functiopal relationship between the cell-body of 
the neuron and its neuraxon or nerve, the manner in which nerve 
impulses are produced, and the nature of these impulses: (1) 
the “cell-bodyf of a neuron is not a nerve-cell but a co-ordinating 
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center endowed with marked irritability; as such it can react lo 
nervous impulses and cause its own neuraxon or nerve to generate 
such, impulses; (2) it performs this function by contracting ; 
around the upper end of the axis-cylinder fibrils that project 
into it; the ( centripetal) current of adrenaxidase-laden plasma 
being thus impeded (proportionally as to degree and lime, with 
the vigor and duration of the impulse ), the pressure of this fluid 
in the fibrils is increased throughout the whole length of the 
nerve, and an excess of adrenoxidase is driven into the networks 
of the myelin; (3) the phosphorus- and fat-laden myelin being 
the cytoplasm of the true nerve-cell (the intemodal segments 
around the axis-cylinder ), the network of adrenoxidase immersed 
in it is the focus of chemical activity as in other cells, and the 
source therefore of the nerve impulse; (4) the true nerve-cells 
are the biochemical homologucs of the cells constituting the 
electric organs of various animals, and the nerve impulse corre¬ 
sponds (as to its nature) with the impulses derived from such or¬ 
gans; (5) the waste products, which include lecithin, cerebrin, 
purin bases and phosphoric acid, are eliminated from nerve-cells, 
as elsewhere, into lymph channels, viz., into the peri-cellular 
lymph spaces around the cell-bodies; into the spaces between the 
nerves in nerve-bundles, and into the space between these bundles 
and their outer covering, Henle’s sheath. 

Adrenoxidase is thus shown to be the dominating principle 
in nerve-cells as well as in all other cells. It is able not only 
to endow non-living though viable protcids with vitality hy 
bringing into play and governing the activity of various other 
physico-chemical bodies, but it can also sustain the vital process 
it has initiated, in all the cells of an organism. Again, while 
we may define Life, with Herbert Spencer, as "the continuous 
adjustment of internal relations to external relations,” or with 
de Blainville as M thc two-fold internal movement of composi¬ 
tion and decomposition, at once general and continuous,” the 
need of a governing and .vitalizing physical principle has as¬ 
serted itself by the introduction into the problem at various 
times of an exogenous "vital principle,” or a separate and dis¬ 
tinct "vital force/* etc. But such agencies do not bear close 
scrutiny. Spencer**" closes his chapter on the "Dynamic 

■ apMcrr: “PrtaelplM of Biology." wl. I. P- ISA 1«*. 
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Element of Life* 1 with the statemait: “We find it impossible 
to think of Life u imported into tlie unit of protoplasm from 
without; and yet we find it impossible to conceive it as emerg¬ 
ing from the ^co-operation of the components.” The active 
principle of adrenoxidase was unknown at the time these lines 
were written; its rflle, we have now seen, is precisely to endow 
the protoplasm with life without introducing a problematic fac¬ 
tor into the process. 

General Remarks.— Notwithstanding the considerable 
and painstaking labor that physiologists have bestowed upon 
file questions of absorption, assimilation and metabolism— 
which labors have furnished much of the evidence I have sub¬ 
mitted in these pages—none have remained shrouded in greater 
obscurity. As to absorption of food products from the in¬ 
testine, Howell, for instance, says:*** “The energy that con¬ 
trols absorption is furnished.by the wall of the intestine, 

presumably in the epithelial cells. It constitutes a spe¬ 
cial form of imbibition which is not yet understood.” Accord¬ 
ing to prevailing views, the products of gastro-intestinal diges¬ 
tion should be found in the blood after their passage through 
the walls of the intestine: Mendel writes:? 90 “Beyond the in¬ 
testinal wall, in the blood and lymph stream, the cleavage prod¬ 
ucts seem, for the most part, to be missing.” The fluid pro- 
teids should also penetrate freely to the tissue-cells: Howell 
states: “The proteids of the-blood, which are supposed to be so 
important for the nutrition of the tissues, are practically in- 
diffusible, so far as we know. It is difficult to explain their 
passage from the blood through the capillary walls into the 
lymph.”. The prevailing knowledge of the intracellular ex¬ 
changes is even lees satisfactory: Sir Michael Foster* 1 closes 
a study of metabolism in his text-book with the statement that, 
after all, it “consists mostly of guesses and gaps.” 

The reason for this deplorable lack of knowledge upon 
questions which represent the very foundation of all that we, 
physicians, should thoroughly understand before pretending at 
all to study diseased states intelligently, is not difficult to find. 

sssa-. ™ -*■ 
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CHAPTER XVI. 


THE PITUITARY BODY AS GOVERNING CENTER OP 
VITAL FUNCTIONS. 

THE PITUITARY BODY AS THE GOVERNING CENTER OP 
THE BODY'S IMMUNIZING FUNCTIONS. 

The prevailing view is that the pituitary body is a secreting 
gland. In troth, this conception has never been carefully 
analyzed by its sponsors—a deplorable fact. No greater fallacy 
could be vouched for than the belief that because an extract of 
a given organ gives rise to physiological effects, that organ is 
a* ductless gland. Indeed, on that plea the pituitary should now 
be granted four internal secretions, while the most active extract 
is derived from the neural or posterior lobe, which, as empha¬ 
sized by Biedl, Swale Vincent, myself and others long ago, is 
not a glandular organ at all. All these extracts act pharmaco¬ 
logically but not as internal secretions. 1 

In the first volume I contended that the anterior lobe of 
this organ contained sensory cells which had for their purpose 
to detect the presence of toxic substances in the blood. Con¬ 
siderable evidence was also submitted to show that these sen¬ 
sory structures could, in case of need, and through the inter¬ 
mediary of the adrenals and thyroid particularly, enhance the 
functional activity of the defensive functions. We have likewise 
seen that these organs are dominated by the sympathetic 
system, and that I regard the posterior or neural lobe of the 
pituitary as main nucleus or center (previously unlocated) of 
that system. 

That such a protective function actually exists in man is 
further sustained by the fact that its presence is clearly dis¬ 
cernible throughout the entire phylogenetic scale, at least down 
to and including molluskB. “Near the base of the stem of each 
ctenidium” [gill-combs], says Kay Lankester,* "is a patch of the 
epithelium of the body-wall, peculiarly modified and supplied 
with a special nerve and ganglion. This is Spengel’s olfactory 
oigan. which tests the respiratory fluid, and is persistent in its 

1 8m alio pun ITS and 511 In the Drat volume. 

■ Ray Lan heater: Art. "UoUuaca,” Bncjclo. Brltannlca.” ninth edition, 
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position and nerve-supply throughout the group Mollusca.” 
To this group of cells lankester gave the name “ osphradium ” 
Parker and Haswell* more specifically define the functi<ms of 
this organ, vis., "to test the purity of the water entering by 
the respiratory current/' 

Ascending from the Invertebrates to the Vertebrates, we 
find this same organ in the lowest of fishes, the lancelet or 
amphioxus. In this lowly animal, the water, which enters the 
mouth and traverses the entire body, also subserves the re¬ 
spiratory function (Lankester). 4 "The mouth of Amphioxus 
would seem to be well guardec^against the intrusion of noxious 
substances," writes Willey,® "everything entering the mouth 



Fra. 1 .—Tuot-Oroan h amphioxus in a Youmo Tranipamht Individual* 
lAfter J. Mailer, •lightly modified kg Willey). 
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has to pass through a vestibule richly provided with sensitive 
epithelial cells." The relations of these cells are shown in Fig. 
1. Lloyd Andriezen* likewise refers to sensory structures in 
amphioxus constituting "a nervous organ,” which is "sensitive 
to the quality of the water which passes over it,” and remarks 
that "this is no isolated phenomenon, for wc find a striking 
analogy in the osphradial organ and ganglion of Mollusca, 
which is situated at the entry of the mantle or respiratory 
chamber, and serves to teat the quality of the water which 
passes over the respiratory organ." We thus have clear evi- 


■ Parker and Haarwell: "Manual of Eodlosy," p. 177, 1M0. 

* Lau header: Lee. eft., vol. ilr, p. IBS. 

■ Willey: “Amphloxuu and tho Ancestry of the ^Vertebratee," p. IS, UN. 
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deuce to the effect that tlieec lower forma, at least, are en¬ 
dowed with a specific apparatus, which, though primitive, has 
for its purpose to protect the oxygenJtearing stream, and, 
through the latter, the body at large. 

A feature of great importance in this connection, however, 
is the evident presence of two structures fulfilling correlated 
functions. While Lankester refers to “a patch of epithelium'* 
.... “supplied with a special nerve and ganglion ,” located at 
the base of the gill-combs in Mollusks, he indudes all these 
structures in Spengel’s “olfactory” test-organ. The impor¬ 
tance of this lies in the fact th§t we have in this dual organ 
a counterpart of the pituitary body, which is composed, as is 
well known, of two lobes, one epithelial and the other neural. 
As far back as 1881 Julin 7 showed that in Ascidians, or sea- 
squirts, which belong to a subclass below amphioxus (the 
Urochorda), the aubneural gland, which underlies a ganglion 
cmliedded in the mantle of these animals (and which ganglion 
represents the general center of their nervous system), was 
similar in structure and relations to, and a counterpart of, the 
pituitary lxxly of the Vertebrates. Lloyd Andriesen* not only 
confirmed this fact more recently, but as the result of compre¬ 
hensive histological study of the subject in ammocoetes (larval 
petromyzon) and lower forniB, affirmed the previously supposed 
two-fold function of this organ. “Even in the highest mam¬ 
mals and man” says this investigator, "it has a two-fold struc¬ 
ture and represents a double organ.” 

The close relationship between the two organs is dearly 
shown in Fig. 2, a longitudinal section of the upper portion 
of a young elavelina, or sea-squirt, shortly after metamor¬ 
phosis. Although drawn by van Beneden and Julin, the illus¬ 
tration is a part of one reproduced from Willey’s treatise, and 
the lettering in the latter is intentionally preserved. The 
water enters m, the mouth, is tested by hy, the hypophysis, 
the pituitary body, and the latter, as dearly shown, is in 
immediate eontnet with g, the ganglion. 

This affords additional testimony in another direction. 
In the first volume T stated that the pituitary body was not only 

' Julin: "RwliriTliHi aur I'orgmnla. Sea aacldlea ataplaa," Archives On btoL, 
YOi. ii. pp. fit. 111, Ml. 
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connected with the udrcnala, but also that the fillers from the 
former organ ultimately reached the lutter by u direct nerve 
path, even though the adrenals were located in so remote a posi¬ 
tion ab above the kidneys, i.e., amongst the abdominal viscera. 
In Fig. 9, vn, the visceral nerve (which, with the ganglion, rep¬ 
resents the animal's entire central nervous system), as muy be 
seen, extends from g , the ganglion, to inf, the intestines. 
Benedin and Julin allude to this nerve us the cordon ganglion - 
naire visceral , or "visceral ganglionic cord," which starts "from 
the posterior end of the adult cerebral ganglion , and, proceed¬ 
ing along the dorsal side of the pharynx nliove the dorsal 
lamina, becomes lost among the viscera" (Willey*). Huxley 
and Martin, 10 moreover, refer to the "patch of sensifernus 



Pro. I. — OSPBRADIUM oa TaST-OHdAN or A YOONO ASCIDIAN. 
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epithelium in the roof of the inhalant siphon" or test-organ 
(Lankestcr's osphradium) as being "immediately connected" 
with "the parieto-splanehnie ganglion.” We have seen that 
the abdominal main path to the adrenals is the great splanch¬ 
nic nerve. It is evident, therefore, that even in so low a 
group as Mollusca, which includes the bivalves, shell-fish, clams, 
oysters, mussels, etc., the univulvcs, snails, periwinkles, etc., 
and the cuttle-fishes, squids, octopi, etc., though supplied with 
very limited nervous systems, the fundamental nerve structure 
or cephalic ganglion is intimately connected with the hypo¬ 
physis or pituitary body—an early prototype of the system I 
have traced in man. 


• Willey: Jjar. HI., p. 
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A confusing feature of tiie whole problem has served 
greatly, however, it seems to me, to obscure our knowledge of 
the functions of the pituitary body. We have seen that the 
osphradium, the patch of epithelial cells forming Spengel’s or¬ 
gan, and to which water-testing functions have been ascribed, 
is referred to by various zoologists as an olfactory organ. 
Again, the pituitary body, as we know, is connected with, and 
forms part of, the infundibulum in craniate Vertebrates. The 
uniformity of this anatomical relationship obviously suggests a 
functional connection between them, especially since, in the 
course of its embiyological development, the pituitary becomes, 
in most forms, detached from the mouth to actually fuse with 
the infundibulum—evidently a purposeful step. Von Kupp- 
fer" having found the homologue of the olfactory organ of 
Amphioxus in a region quite remote from the infundibulum in 
craniate Vertebrates, concluded that there could be no relation 
between them, and that the olfactory organ of Amphioxus was 
the homologue of the median rudimentary lobe of the embryo 
which ultimately becomes the true olfactory lobe, t.s., that con¬ 
nected with the sense of smell. 

Von Kuppfcr’s view, which has been accepted by a num¬ 
ber of investigators, though apparently poised on a sound 
foundation, is invalidated by the fact that he assumes that 
there exists but one structure supplied with specific olfactory 
cells, whereas the nature of the functions of the osphradium in 
mollusks, and the corresponding test-organ in Ascidians, Am- 
phioxus, etc., and other facts, clearly suggests that there may 
be two. This important question can only be settled by show¬ 
ing that in the higher mammals there exists, besides the olfac¬ 
tory lobe of the organ of smell, another region supplied with 
olfactory cells and intimately connected with the pituitary 
body. That such is actually the case is shown by the follow¬ 
ing facts:— 

Nearly forty yean ago, Percmeschko 1 * described a trans¬ 
verse slit, or cavity, between the glandular elements of the an¬ 
terior lobe of the pituitary and the partition which separates it 
from the posterior lobe. This cavity was found by him to be 
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lined throughout in man with ciliated epithelium. Wilhelm 
Milller 1 * also found that the internal wall of this slit, forming 
part of the interlobular partition, was lined with this epithe¬ 
lium. Cadiat 14 and others have since confirmed these observa¬ 
tions—all made, however, before the more advanced histolog¬ 
ical methods had been developed. This region of the pituitary 
body was likewise studied by Gent&s, 1 * by the Golgi method, 
in the higher mammals, namely, the cat and dog. Me found 
that the anterior lobe was, in reality, composed of two parts, the 
glandular and neural, the latter forming the inner wall of the 
partition between the two lobes. The epithelium revealed by 
ordinary stains was shown, by the Golgi method, to contain in¬ 
terstices penetrated throughout by sensory cells, each cell send¬ 
ing broad processes to the free surface and into the depths of 
the epithelial layer. The latter’s structure, he states, recalled 
exactly that of the olfactory area of the nasal mucous membrane. 

The value of these observations is enhanced by the fact 
that Gemt&s does not refer to the researches of zoologists, whose 
labors, of course, were beyond his normal field. We thus have, 
in his work, an independent confirmation of the existence in the 
pituitary body of the higher mammals, of a structure totally 
independent of the organ of smell, and which, even in the lowly 
mollusk, has been accorded the rank of a protective organ—pre¬ 
cisely that recognized by Spcngel in Ascidians, i.e., to "test the 
respiratory fluid.” 

One of the functions T have ascribed to the pituitary body 
of man is none other than this, namely: to detect any toxic sub¬ 
stance that may be present in the blood, the organism’s oxygen 
carrier and, therefore, its respiratory fluid, after the water- 
vascular system has become a blood-vascular system. 

As we will see farther on, this harmonizes with the phylog- 
eny and embryology of both lobes of the pituitary body. 

Drugs, toxins, venoms, toxic physiological wastes, etc., as¬ 
sume, under these conditions, the position of foreign elements 
in the blood-stream. On the other hand, the presence in the 
human pituitary body of nerve-cells recalling those of an organ 


M Wilhelm Mflller: Jen el ache Zelt. t. Neturw.. Bd. *11, 8. 317, ISIS. 

'• Cedi at: "Anatom la Odndrale," cited by Oudpln. Tribuna mMIcala, Dec. 

** “Qaatia: C. r. da la Soo. da Mol.. T. I*, p. 100, ISOS. 



066 TUB PITUITARY AB CBNTBR OF VITAL FUNCTIONS. ' 

capable of reacting to innumerable kinds of odoriferous emana¬ 
tions and therefore to the immeasurably small particles of which 
they are composed, explains why the body responds actively to 
the influence of so many of these toxics and why so minute a 
dose of a given remedy, Ym« grain (0.0001 gramme) of aconi¬ 
tine, for example, or an equally diminutive quantity of vaccine 
virus can evoke, in the human organism, such marked phenom¬ 
ena as those observed. 

It is evident, therefore, that wo are dealing, in. this con¬ 
nection, with the foundation of the organism's auto-protective 
mechanism—one indeed, as I have stated in the first volume 
(and as will be further emphasized in the present one), whose 
beneficial influence we can, through our remedies, govern at will. 
But I also pointed out therein that it was through the inter¬ 
mediary of the oxidizing substance—adrenoxidasc—that this 
influence was exercised. How is the distribution of this all- 
important substance governed, i.e., hastened or retarded? If, 
as I hold, the pituitary body is a structure through which dis¬ 
ease may be controlled, what constitutes within its precincts the 
keyboard—using Jacques Loeli’s comparison—which wc, as art¬ 
ists, must utilize to attain this object? 

The purpose of this chapter is to answer this question. 

THE PITUITARY BODY AS A NERVE-CENTER. 

In the first volume, I ascribed to the pituitary body the 
function of a general nerve-center. While urging that it was 
the anterior lobe of this organ which carried on the function 
referred to in the preceding section—that of “test-organ”— 
owing to its identity as the -governing center of the adrenals, 
1 held that the posterior or “neural" lobe, which is linked 
with the anterior, and connected by its pedicle with the base 
of the brain, was the primary source of certain motor impulses 
now thought to originate in the bulb or medulla oblongata. The 
anatomical relations of the two organs to which I attribute such 
commanding importance is well shown in the illustration on 
page 903, in the ascidian. The ganglion adjoined to the pitui¬ 
tary body hy. is not merely the cell-body of a neuron, as the term 
implies; as stated by Jacques Liocb“In ascidiana the central 
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nervous system consists of a central ganglion.” It is, in other 
words, the source of all motor impulses transmitted to the 
various organs of these animals. 

In the higher Chordata, which include all vertebrates— 
fishes, amphibians, reptiles, birds and mammals and, therefore, 
man —the anatomical relations remain the same as in the Ascid- 
ians. Thus, as stated by Parker and llaswell ,v in reference 
to the development of the pituitary is this phylum: “The floor 
of the diencephalon grows downward into a funnel-like pro¬ 
longation, the infundibulum: with this the pituitary diverticu¬ 
lum of the pharynx comes into relation, and there is formed 
partly from the dilated end of the diverticulum, partly from the 
extremity of the infundibulum, a gland-like structure, the pitui¬ 
tary body or hypophysis, always situated immediately in front 
of the anterior extremity of the notochord ." In other wonls, 
from the lowly Ascidian, which represents one of the simplest 
organisms classed among the Chordata, up to man, the pituitary 
body is connected with, and forms part of, the upper extension 
of spinal cord in the base of the brain. Its infundibular exten¬ 
sion, as is well known, is the neural or posterior lobe of the pitui¬ 
tary, which is separated from the anterior or "glandular” lolic by 
the partition in which the “test-organ” is cml>cddod. 

That the pituitary body fulfills important functions in the 
higher animals as well as in the lower forms is strikingly sug¬ 
gested by the results that follow removal of the organ, espe¬ 
cially when it is fully developed, as in adult animals. 

Marinesco 1 " trephined the bone underlying the organ and 
destroyed the latter by cauterization in cats. Two died almost 
immediately; two twenty-four hours later, one lived four days, 
another five days, and the last eighteen days. No cause for 
death could be found other than the destruction of the pituitary. 
Dastre 1 * performed similar experiments. All the animals died. 
Alluding to Marinesco’s experiments and to others by Vassale 
and Sacchi,** Schafer states that the symptoms observed were: 
“(1) diminution of the body temperature; '(2) anorexia and 
lassitude; (3) muscular twitchings and tremors developing 
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later into spasms; (4) dyspnoea.” In their original article^ 
V aa sal e and Sacchi mention an »n«fam«^ in which the pituitary 
was only partially destroyed; although the characteristic phe¬ 
nomena followed and lasted about three weeks, the animal 
recovered and remained healthy eleven months. The incomplete 
destruction of the organ was then confirmed. They state »hnf 
animals die promptly after a complete operation. Andriezen” 
says that destruction of the pituitary causes apathy and psychi¬ 
cal depression, marked relaxation of the muscular system, ant * 
muscular spasm. Co-ordination and equilibrium are greatly im¬ 
paired. The temperature becomes abnormally low; nutrition is 
reduced; cachexia supervenes and death follows. Caselli** aftor 
removal of the gland in young animals observed. glyco¬ 

suria, and death. Pirrone” ascertained experimentally, among 
other facts, that “the results of the suppression of its functions 
are disturbances of mobility, great depression, rapid «wn ppiatiwM 
cachexia and death.” He was also led to conclude that “al¬ 
though the exact functional mechanism of this gland is not as 
yet well understood, it is evident that it is of the greatest im¬ 
portance to the economy " and furthermore, that “although a 
partial lcBion is compatible with existence, its total removal 
irrevocably leads to death.” Kronlein and Von Eiselsberg” de¬ 
stroyed the pituitary body in cats. The procedure invariably 
proved fatal. Friedmann” removed the organ from several 
kittens from 3 days to 10 weeks old. All died except one, which 
showed an insignificant staggering” and lived two and one-half 
months. With Maas” the same observer also removed the pitui¬ 
tary in eighteen animals. Twelve died in from one to thirteen 
days; two died of complications; three which continued to live, 
were foun fi to possess a part of their organs; the remaining 
one, notwithstanding complete removal, lived three and one-half 
months; after which it was killed. Death might be ascribed, 
in these younger animals at least, to the severity of the operative 
procedure adopted, since, as I have stated in the first volume. 
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the thymus fulfills to a certain extent the functions of the ad¬ 
renal system until the organs composing the latter are devel¬ 
oped. Very young mammals correspond with the lower verte¬ 
brates (toads, frogs, etc., for instance) in this particular, the 
morbid effects of removal growing in intensity aa the higher 
mammals are reached. 

The most decisive experiments, however, were performed by 
Masay,* r whose object was to ascertain whether all the animals 
did not die owing to the severity of operation. After removing 
a disc of bone 6 millimeters in diameter from beneath the pitui¬ 
tary body of two dogs, he rapidly destroyed the organ with 
thermocautery. The next day both animals were profoundly 
asthenic and unable to stand, while spasmodic twitcliings and 
"convulsive trembling** occurred. On the third day, these phe¬ 
nomena became more marked; coma supervened, and the ani¬ 
mals died. The pituitary body was found cauterised in both 
animals and congestion of the nerve-centers was noted. In a 
third dog* the same procedure was resorted to, but in two stages. 
The pituitary body was exposed as in the two other instances, 
and the animal allowed to recover. Two secondary hsmorrhages 
and marked hyperthermia occurred, but a week later all signs 
of discomfort had disappeared. The pituitary was then destroyed 
with galvano-cautery. On the following day, the symptoms ob¬ 
served in the two other dogs appeared, viz., marked asthenia, 
with occasional paroxysms of muscular spasm or very violent 
convulsions, hypothermia, and "very rapid** heart beat. They 
became gradually more intense, and the lethal course observed 
in the other animals followed. 

It is when the fatal influence of removal of the pituitary 
body is compared with the effects of removal of the brain that 
the functional importance of the former organ asserts itself. 

Beginning with the lower vertebrates we have Wilber’s 
frog,** which lived five years after removal of its cerebral hemi¬ 
spheres. "During all this period the animal never once showed 
signs of any initiative, its only movements being very slight 
and attributed to muscular ennui, like that of persons asleep. 
The eyes, optic nerves, and optic lobes of the brain were unin- 
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jured, and the animal could evidently see, but without under¬ 
standing. The most attractive frag food put before it was ab¬ 
solutely unnoticed, and it has been fed every day for five yean 
by an attendant, who would open its. mouth, and with force 
push a bit of fresh meat or fish far enough back into its throat 
to arouse the reflex mechanism o‘f swallowing. If touched, it 
would move or leap; if placed in water, it would swim until 
some support was reached; if turned upon its back, it would 
promptly and vigorously right itself." 

In a higher vertebrate, the pigeon, the results are the same. 
n The results of ablation of the cerebral hemispheres in pigeons,” 
says Schafer, ra “have been described in great detail by Holundn, 
Flourens, Longet, Vulpian and others. A pigeon so mutilated 
continues able to maintain its equilibrium and to regain it 
when disturbed. When placed on its back, it succeeds in regain¬ 
ing its feet When pushed or pinched, it marches forward. 
Should it happen, to step over the edge of the table, it will flap 
its wings until it regains a firm basis of support. When thrown 
in the air, it flies with all due precision and co-ordination. Left 
to itself, it seems as if plunged in profound sleep. From this 
state of repose it is easily awakened by a gentle push or pinch, 
and looks up and opens its eyes. Occasionally, apparently with¬ 
out any external stimulation, it may look up, yawn, shake itself, 
dress its feathers with its beak, move a few steps, and then settle 
down quietly, standing sometimes on one foot and sometimes on 
both. Should a fly happen to settle on its head, it will Bhake 
it off. If ammonia be held near its nostrils, it will start back. 
Should the Anger bo brusquely approximated to its eyes, it will 
wink and retreat. A light flashed before its eyes will cause the 
pupil to contract; and if a circular motion be made with the 
flame, the animal may turn its head and eyes accordingly. It 
will start suddenly and open its eyes widely if a pistol be dis- 
eharged dose to its head.” 

In the higher mammals, the absence of the influence of the 
brain on the life processes is none the less evident. Golts’s 
world-renowned dog which lived eighteen months after its brain 
(including part of the optic thalami and corpora striata) had 
been removed piecemeal, affords a striking example of this fact. 

■Bekltn: Lor. rtf., vol. ti, p. TM. 
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It walled about, curled itself up when about to sleep, reacted 
promptly to tactile impressions, thus allowing that the sensory 
mechanism was not destroyed; it snarled and barked, withdrew 
its feet when these were placed in cold water, recovered its 
equilibrium when its feet were placed on the falling flap of a 
table; limped when one of its legs was accidentally IniTt; re¬ 
jected and showed dislike for meat rendered bitter with quinine, 
and refused more food when satiated. 

Thus, in animals that live long enough after complete 
destruction of the pituitary IkhIv, morbid phenomena occur 
which point clearly to disturbance of cardinal vegetative func¬ 
tions, as Bliown by dyspncca, hypothermia, rapid emaciation, 
asthenia, staggering, impairment of co-ordination and equilib¬ 
rium, cachexia, spasms, convulsions and death. Removal of 
thfr hemispheres, on the other hand, disturbs in no way tbesc 
functions—sensory or motor—thus showing that even in the 
higher mammals, all purely automatic functions, oxygenation, 
circulation, digestion, nutrition, locomotion, general sensibility, 
etc., are absolutely independent of the cerebrum. Indeed, 
Soury, 10 referring to the cortex, remarks: “Tlic experiments of 
Steiner, Goltz, and Schrader show that the existence of this 
organ is not necessary in tlic performance of psychical func¬ 
tions considered in general as inferior ." .... “It is the organ 
for superior psychical functions termed memory, association of 
ideas, acquired experience and reflection.” 

That the pituitary body is the scat of functions now gen¬ 
erally attributed to the cerebral cortex is evident. 

While experiments in animals, clinical and post-mortem 
observations have shown the existence in the cortex of arena 
which have been called “motor” liccanse motor effects were elic¬ 
ited on stimulating them, this term is used merely for want of 
a better one and is not regarded by physiologists as necessarily 
meaning that the impulses transmittted from the cortex are 
necessarily “motor” in the sense usually given thin word. “The 
terms 'motor area* and 'motor center,’ ” saya Schafer,* 1 “are here 
need to imply those portions of the cerebral cortex which are 
directly connected by efferent projection fibers with the lower 


tlSSr/'SE'Sf.'S'T T - 1 ► 


p .» 




072 ram pituitary as crntrr op vital functions. 

level centers (spinal cord, bulb and midbrain) from which im¬ 
pulses producing voluntary muscular action emanate.” Again, 
“the application of the terms ‘motor’ and ‘sensory 4 must be 
used rather for purpose* of convenience than with a view to a 
rigid definition of function.” 

Foster* 1 says, however, in this connection: “The simplic¬ 
ity of the electrical phenomena resulting from cortical stimula¬ 
tion. which we described, might at first sight lead us to conclude 
that the whole matter was fairly simple; and indeed, some 
writers appear to entertain the conception that in a voluntary 
movement such as that of the fore-limb, all that takes place is 
that the ‘will’ stimulates certain cells in the cortical area, caus¬ 
ing the discharge of motor impulses along the pyramidal fibers 
connected with those cells, and that these impulses travel 
straight down the pyramidal tract to the motor fibers of the 
appropriate nerves, undergoing possibly some change at the 
place in the cord where the pyramidal fiber makes junction with 
the fiber of the anterior root, but deriving their chief if not 
their whole co-ordination from the cortex itself, that is to Bay, 
being co-ordinated at the very starting-point.” He character¬ 
ises this view as “untenable,” and the simplicity of the elec¬ 
trical phenomena as “misleading.” 

This obviously suggests that voluntary impulses are not 
themselves motor impulses, but stimuli which awaken, such im¬ 
pulses in the spinal system. Indeed, referring to the experi¬ 
mental removal of both hemispheres in pigeons, Foster re¬ 
marks:** “In this warm-blooded animal, as in the more lowly 
cold-blooded frog, the parts of the brain below and behind the 
cerebral hemispheres constitute a nervous machinery by which 
all the ordinary bodily movements may be carried out. The bird, 
like the frog, suffere no paralysis when its cerebral hemispheres 
are removed.” The pituitary body evidently forms part of this 
region: “Until recently,” writes Willey,* 4 “it was generally 
thought that the infundibulum [the pedicle of the pituitary 
body] represented the anterior end of the brain, which had be¬ 
come bent downward and backward. Kuppfer has brought 
forward weighty reasons for doubting this. According to him, 

■ Foster: hoe. elf., p. ns. 
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the infundibulum, is essentially a down-growth or cvaginatiou 
from the floor of the brain, occurring behind the anterior termi¬ 
nal extremity of the brain.” 

The functional relationship between the brain proper and 
this region below it is clearly defined in Foster's statement*” 
that "on these the [cortical] motor area must have its hold as on 
the spinal mechanisms." M. Duval*" also identifies the char¬ 
acter of the antero-lateral tracts themselves as extensions of the 
brain per se when he says: "When the autcro-iateral columns 
are alone severed, voluntary action is abolished in the portion 
of the cord below the section. Evidently,” lie adds, "the antero¬ 
lateral columns serve at least in. great part to transmit the orders 
of the will; they establish a communication between the cere¬ 
bral centero and the gray substances of the spinal cord." 

The limits of this gray substance arc apparently restricted 
to the spinal cord, judging from Duval’s conclusion; but he 
gives the organ its true functional field when he also says:* T 
“While the anatomist locates the upper limit of the spinal coni 
on a level with the occipito-atloidean articulation, for the physi¬ 
ologist it extends into the interior of the cranium .... about 
up to the sella turcica”—the bony pedestal, we know, of the 
pituitary body. 

These facts plainly suggest (1) that the pituitary body 
fulfills in the higher mammals as important functions as a nerve- 
center as the central ganglion does in the lower Chordata ; (2) 
that it influences very markedly all the. cardinal functions: 
respiration, oxygenation, nutrition, metabolism and locomotion; 
and (3) that it is the source of automatic motor impulses now 
believed to arise from the cerebral cortex. 

NERVE-PATHS PROM THE PITUITARY TO TIIE SPINAL CXIKIJL 

The evidence submitted in the foregoing suction indicates 
that the pituitary body must be connected with the spinal coni 
by nerve-paths. As the spinal cord was shown to extend up to, 
and include, the infundibulum, which in turn terminates as the 
neural lobe of the pituitary, it becomes only a question whether 
the portion of the cord winch extends above the bulb or medulla 

■ DmT:‘ ‘M^oi£ U d« P phr»loIo*le I " neventb edition, Pnrln, IMS. 

■ Davnl: Ibid., pp. M ud 78. 
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oblongata contains sue h paths. Not only has their presence in 
this location been ascertained by various investigators, but it 
has been shown that the basal structures to which they are dis¬ 
tributed are connected directly with the pituitary body by 
nerves, both of its lobes receiving an abundant supply. 

As far back as 1903, Andriezen*® referred to the posterior 
or neural lobe as “little beyond a neuroglia remnant.” 1 have 
since pointed out 1 * however, that neuroglia is not a mere retic¬ 
ulated framework of connective tissue, as now believed, and have 
adduced evidence showing that it differs from the latter both in 
its origin and chemical properties; that it originates from blood¬ 
vessels and penetrates into nerve-cells. Andriezen himself 40 
described neuroglia-cells connected with blood-vessels, i.e., 
“ensheathing the vessels of the brain”—the purpose of these 
cells being, in his opinion, to prevent undue expansion of the 
cerebral vessels. The view of Golgi, Clouston and others that 
neuroglia supplies nutrition to the nerve-cells; the many allu¬ 
sions to the “chromatin,” “pigmentation,” “granules,” etc., of 
these dements, now found in the literature of the subject; 
Bevan Lewis’s belief that neuroglia-cells are “lymph” channels, 
further sustain the view I advanced four years ago, viz., that 
while neuroglia fibers are minutes capillaries (which (lo not Btain 
like ordinary vessels, owing to their covering) that carry plasma 
laden with oxidizing substance (adrenoxidase) to the neurons, 
their terminals in the latter being the neuro-fibrils which pene¬ 
trate the cell-body by way of its dendrites, the neuroglia-cells 
govern the quantity of this substance admitted into the true 
nerve-“cells,” i.e., the neurons. 

Interpreted from this standpoint, the wealth of neuroglia 
and neuroglia-cells in the posterior pituitary indicates, not that 
it is practically a useless and vestigial organ as Andriezen and 
others believe, but precisely the opposite, viz., that it is a very 
highly differentiated organ. This accounts for the fact that 
Berkley, 41 referring to the prevailing view that the true nervous 
elements almost entirely disappear in the neural lobe of the 
adult mammal, remarks, after examining about 2500 slides 


“ Andrleeen: Lor. cit. 

»Cf. yoI. I. pp. 6* to HO, Incl. 

“ Andrleeen: Intern. Mounts. (. AnnL u. Physiol., 
“ Berkley: Brain, vol. xtII, p. iU, UM. 


Tol. x, p. US, UN. 



NTOVM FROM PITUITARY TO SPINAL CORD. 076 

of tMa lobe: ‘ After reading these statements, it was something 
of a surprise to find the above-described beautiful specimens 
of several types of ependymal neuroglia-cells, extending from 
all portion* of the middle and inferior regions of the cavity 
of the third ventricle He also found in the posterior lobe 
itself, an array of nerve-cells of various types, some of which an* 
very complex and evidently specific to the organ, being found 
nowhere else in the body. Many of these arc reproduced and de¬ 
scribed in the first volume (opposite pages 495, 496 and 498). 

It is not only the neuroglia-cells that communicate with the 
third ventricle, however. As stated above, each lobe is supplied 
with true nerve-fibers which connect it with the basal structures. 

Several older anatomists, Sappey, Luschka, Miillcr, etc., 
refer to the presence of longitudinal nerves on the surface of 
the infundibulum, the pedicle of the pituitary, which nerves 
were found to extend up to the third ventricle; but it wur only 
when the Golgi silver stain methods were introduced that this 
question could be studied satisfactorily. 

Bamon y Cajal, 43 who studied the subject in the mouse 1 , 
traced a direct communication between the basal tisRues and 
the anterior lobe. In the basal tissucR, the cell-bodies wero 
found in a “mass of gray matter behind the optic chiasm ,” i.e., in 
the anterior extremity of the third ventricle, while their ncurax- 
ons passed downward towards the pituitary. Van Gchuehten 4 * 
says in this connection, referring to rajal's researches: "These 
fibers represent the axis-cylinders of a group of nerve-cells situ¬ 
ated behind the optic chiasm. Several of these fibers end in the 
thickness of the pituitary’s pedicle; others penetrate between 
the epithelial cells of the anterior or glandular portion of the 
pituitary.” Berkley 44 also found nerves in this lobe, the fibers 
among the epithelial cells ending, as shown in the illustration 
opposite page 498 (vol. i, figure 1) in the shape of small knobs. 
Andriesen’s researches, as had those of Cajal. showed that the 
anterior lobe had "anatomical connection with the brain floor,” 
and that the "development of a small specialised group of nerve- 
cells in the basal part of the brain cavity (thalamocoel) with 

Analea da la Boo. eapafiola da hlat. mL, ta Bar., vol. 
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which the subneural gland [the anterior lobe] came into rela- 
tionahip. The central canal of the spinal cord, traced forward 
into this region, was seen to undergo dilatation into a distinct 
ventricle." The far-reaching meaning of this statement asserts 
itself when it is recalled that Andriezen’s researches include the 
whole of the animal scale from amphioxus, the lowest of verte¬ 
brates, to man. They indicate that simultaneously with the 
evolution of the pituitary there occurred not only that of the 
special group of cells intended to connect the organ with the 
base of the brain, but also that of the third ventricle. 

Ramon y Cajal found that the posterior or neural lobe of 
the pituitary was filled with a close and thick plexus of fine 
varicose fibera, which ramified among the nerve-cells. Longi¬ 
tudinal sections showed that these fibers were “terminal arbori¬ 
zations of a bundle which passes downward into the infundi¬ 
bulum." Other fibera were observed to pass upward from the 
organ by way of its epithelial walls and to terminate in a mass 
of gray matter located behind the optic chiasm." “Downward” 
and “upward” obviously suggest the presence of sensory and 
motor paths to and from the neural lobe. 

Of particular interest in this connection is a set of nerves 
shown to exist by Qent6s. M This observer, who found that the 
partition between the two lobes contained a layer of cells histo¬ 
logically similar to tho olfactory area—which layer I assimilate 
to the test organ—recently studied this structure anew with a 
view to tracing its connections. He was again led to the con¬ 
clusion that it was an epithelial structure “in no way glandular 
and the nervous end-organs of which were sensitive or sensory," 
as to histological structure. In a still more recent study, Gmb- 
tis 4 * traced these connecting fibers from tho sensory organ re¬ 
ferred to, up to tho tissues of the base of tho brain. He says, 
in this connection: “Originating by free end-organs in the epi¬ 
thelial juxta-nervous layer [the sensory organ], they reach the 
sub-epithelial layer. They then enter the neural lobe and run 
through it in every direction. Following an ascending direction 
they go towards the oigan*s pedicle and soon form part of it; 
they can be followed up to the level of the tuber cinereum” 
t.e., the tissues that form the floor of the third ventricle. 
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Hus affords a dear idea of the connection between the sen¬ 
sory structure (or test-organ) in the partition between the an¬ 
terior lobe and how the impulses-it awakens pass up to the third 
ventricle. 

We thus have dearly defined paths from each pituitary 
body to tissues of the base of the brain: (1) the fibers from 
the anterior or glandular lobe communicating with the “moss 
of gray matter behind the optic chiasm;” (2) one set of fibers 
from the posterior or neural lobe communicating also with this 
m ass of gray matter; and (3) the fibers from the neural lobe 
derived from* the test-organ which pass up to the tuber cincruum 
forming the floor of the third ventricle. 

The structures in the base of the brain writli which the 
pituitary is connected by these nerve paths are themselves the 
source of large numbers of fibers, a large proportion of which 
pass posteriorly to the midbrain, a region which, ns stated by 
Edinger, 47 is "occupied mostly with longitudinal bundles, tracts, 
and fasdculi to the Bpinal cord and to the cerebellum.” This 
applies especially to the "mass of* gray matter behind the optic 
chiasm” which receives fibers from both lobes—an important 
feature of the third ventricle in all vertebrates. Lying imme¬ 
diately above the infundibulum, and therefore just above the 
pituitary itself, it is termed by comparative anatomists, the 
"giant-celled supra-infundibular nucleus.” In amphibians, rep¬ 
tiles and birds, it extends on each side of the ventricle, and 
fibers derived from it (the supra-infundibular decussation) pro¬ 
ject posteriorly, i.e., towards the bulb. In mammals, the supra- 
infundibular nucleus is likewise the starting-point of various 
bundles, e.g., Meyncrt’s commissure, for instance, which docs 
not degenerate when the cortex is removed but the destination 
of which is unknown; Qudden's commissure, the fibers of which 
pass to the posterior corpora quadrigemina; the cerebellum, etc. 
It is also connected with structures anterior to it by motor and 
sensory fibers in Teleostei, as shown by Van Gehuchten recently. 
It projects two prominent bundles which spread out on the walls 
and floor of the third ventricle, thus contributing to the forma¬ 
tion of the "central gray matter'* of the base of the brain, a 
region which Foster 44 characterises as "a bed for the develop- 
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meat of the nuclei of the cranial nerves” and a continuation * 
of the tegmental region, which he says “may * perhaps be re* 
girded as a more or less continuous column of gray matter, 
comparable to the gray matter of the spinal cord,” and which 
“serves as a tort of backbone to the reet of the central nervous 
system” 

The fibers traced by Gentcs from the area of sensory cells— 
in the anterior pituitary which I assimilate to the “test organ” 
of lower forms—to the posterior lobe and thence to the tuber 
cinereum, are likewise merged with fibers which are projected 
to this “bed for the development of nuclei,” since the tuber 
cinereum is necessarily traversed by fibers which Andriezen,** 
using the silver chromate method in foetal and newborn kittens, 
traced “directly from the posterior pituitary to far back towards 
the pons" which lies immediately above the medulla oblongata 
and contains the nuclei referred to. Whether originating from 
the anterior or posterior pituitary, therefore, the nerves which 
connect these organs with the base of the brain find therein both 
indirect and direct paths capable of transmitting their impulses 
to the spinal cord.* 

Still, as is well known, the pons is a bridge for the passage 
of impulses, afferent and efferent, which travel between various 
parts of the nervous system, including the cerebrum. Motor im¬ 
pulses projected by the nerve paths from the pituitary should 
not only persist after removal of the brain (a fact already 
ascertained), but if the pituitary body is a motor center (as the 
effects of its removal indicate), removal of the structure above 
the mesencephalon (which contains the bed of nuclei and all 
pontine structures) quite beyond the crura cerebri which carry 
the impulses from the brain should, in the higher mammals 
(in which the fibers from tho pituitary were traced), impair 
motility. Christiani* 0 not only found this to be the case, the 
power of progression being annulled in the experimental ani- 
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mala (rabbits), bat a phenomenon which promptly follows re¬ 
moval of the pituitary also appeared: tetanic spasm—-due as 
we will see, to the accumulation of toxic wastes in the blood, 
the result in turn of impaired metabolism. 

Another phenomenon which follows removal of the pitui¬ 
tary, we have seen, is hypothermia. Now, irritation of the 
structures of the third ventricle in the path of the nerves from 
the pituitary causes the opposite condition, hyperthermia. Isaac 
Ott, who, in 1884, began a series of studies having for their ob¬ 
ject to determine the location of heat-centers, found, among 
others, one located in the anterior portion of the floor of the 
third ventricle, and another in the tuber cinereum. The former 
region is precisely where all the fibers sent off posteriorly by the 
large gray nucleus to which Cajal traced afferent and efferent 
fibers from the anterior pituitary (a fact confirmed by Andrie- 
zen as to the presence of connecting fibers) originate, while the 
tuber cinereum contains those traced from the posterior lobe 
thereto by Gentds, and the fibers traced by Andriczen to the 
region of the pons. Ott and Harris 01 state that Ott’s results 
were confirmed by von Tangl in the horse, and that the pro¬ 
cedure mentioned causes a “great rise of temperature.” These 
observations were also confirmed by Sakowitscli, 01 who found 
that puncture of the tuber cinereum raised both the internal 
and peripheral temperatures, the latter reached 43° C. (109.4° 
F.) six hours after the lesion was produced. Ott and Harris 
conclude that this is not due to division of fibers “coming from 
the corpus striatum, because a puncture through the mouth of 
the rabbit produces the same result, although only the lower 
surface of the tuber has been punctured with a needle.” 

This thermogenic function is evidently independent of the 
brain. “Fredericq 44 found,” says Pembrey, 44 “that removal of 
the cerebral hemispheres in pigeons caused practically no differ¬ 
ence in the daily curve of their rectal temperature. This ob¬ 
servation has been confirmed by Corin and Van Beneden, 44 who 
have, in addition, shown that the pigeons without their cerebral 
hemispheres produce the same amount of carbon dioxide sad 
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heat as do normal pigeons. The rapid rise in temperature 
which occurs when a hibernating marmot awakens is not pre¬ 
vented by removal of the cerebral hemispheres.’* On the other 
hand, while the region punctured is clearly traversed by the 
fibers from the pituitary body, there is no organ anterior to it 
to give rise to thermogenic impulses. This affords additional 
evidence to the effect that the pituitary body is connected by 
nerve-paths with the spinal cord. 

This raises the question as to whether tho areas punctured 
by Olt, von Tangl, Sakowitsch and others, can be considered 
at all aB heat “centers.” The fact that several such “centers” 
have been discovered suggests that the thermogenic impulses 
evoked are merely due to the irritation, i.e., congestion of 
areas containing thermogenic nerve-paths. Schafer 56 writes 
in this connection: “It is, however, very doubtful whether 
the facts observed warrant the assumption that the parts 
in question, which arc apparently irritated by the lesion, 
are specific centers to determine the production of heat. For 
when the experiments on this subject are examined, it is found 
that the results arc closely dependent upon the establishment 
of an irritative lesion in parts which are either directly in, or in 
dose proximity to, the path taken by motor impulses.” In view 
of the foregoing evidence this indicates that the pituitary body 
it the general heat renter. I will adduce considerable additional 
evidence to this effect. 

The fact that injuries or experimental lesions of the cortex, 
corpus striatum and crus cerebri can likewise cause a rise of 
temperature does not militate against this conclusion. They 
merely irritate areas that normally do not awaken thermogenic 
impulses but which, when artificially stimulated, do so by trans¬ 
mitting violent motor stimuli (quasi voluntary) to portions of 
the spinal system in which the nerve-paths of the thermogenic 
mechanism occur. 

To poise these statements,, and particularly the conclusion 
that the pituitary body is connected with the spinal system by 
nerve-paths on a solid foundation, however, it is necessary to 
show (1) that, irrespective of the brain, motor impulses can be 
provoked by irritating the paths of the nerves from the pituitary. 
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M*i the walls and floor of tlic third ventricle, (2) that the pitui¬ 
tary body itself can likewise evoke motor phenomena, and (3) 
raise the temperature of the body at large. The first line of 
evidence will alone be considered in this section, the two others 
being considered in succeeding sections. 

Flourens, Bechterew, Weber, Fcrrier and others obtained 
muscular movements by exciting the walls of the third ventricle, 
which contain, we have seen, fibers from the gray nucleus con¬ 
nected by nerves with the pituitary. As these might be ascribed 
to the cortex, through sensory impulses carried by the optic thal¬ 
amus, they will not he taken into account. Magnan,** however, 
caused epileptic seizures after removing the hemispheres. Vul- 
pian** was also led to conclude by experiments that the center 
for epileptic convulsions wub located at the base of the brain. 
Ziehen** caused prolonged tetanic spasm in rabbits by irritating 
the basal tissues after removing lioth hemispheres. Hering** 
found it impossible to inhibit tonic spasm in 30 monkeys in 
which the pyramids had been severed, thus disconnecting what 
is generally believed to lie the path for voluntary impulses 
to the spinal cord. Prus,* 1 moreover, showed that after division 
of the pyramids, the spasmogenic impulses passed by way of the 
base, e.g., the tegmentum and pons, and his results were confirmed 
by Bischoff,** Ilering** and others. Finally, Nino 8amaja M 
after an elaborate experimental study of the question concluded 
that in the higher mammals tonic spasms were “exclusively’' 
due to impulses derived from the base of the brain. The most 
violent kinds of muscular contractions arc readily produced, 
therefore, irrespective of any brain action, by stimulating struc¬ 
tures that contain nerve-paths from the pituitary body. This 
evidence shows also why removal 'of the pituitary is followed 
by such marked muscular weakness and relaxation, and by hypo¬ 
thermia: as the general center of all vegetative functions it 
governs the heat mechanism, i.e., general oxygenation, and there- 
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by the intrinsic functions of the muscular system—as additional 
testimony will demonstrate. 

Pending this evidence the following conclusions are sub¬ 
mitted: (1) the neural or posterior lobe of the pituitary body is 
not, as generally believed, a functionless organ, but a highly 
organised nerve-center containing several types of nerve-cells; 
(8) both lobes are connected with the overlying third ventricle 
by nerve-paths which, through nerves from the giant-cell supra- 
infundibular nucleus and in the tuber cinereum, extend poster¬ 
iorly to the tnidbrain —a continuation of the spinal gmy matter 
which contains the nuclei of the cranial nerves; (3) the nerves 
that connect the pituitary body with the spinal cord passing 
posteriorly in the gray substance of the walls and floor of the 
third ventricle, various experimental phenomena now ascribed 
to " renters” in these structures, are in reality due to irritation 
of these nerves and to the artificial production of manifestations 
normally evoked by the jiituitary body as a motor and heat 
center. 


THE NEURAL LODE OF TOE PITUITARY AS THE SEAT OF 
THE SYMPATHETIC CENTER. 

In many invertebrates, two ganglia preside over the entire 
nervous system, the supra- and sub-u'sophagcal. If in the snail, 
for example, as shown by Vulpian* 5 the upper (eerebral) gang¬ 
lion is removed, the animal lives several weeks, but it remains 
absolutely motionless. I f, on the other hand, the inferior gang¬ 
lion is removed, the animal dies within twcntv-fonr hours. 
Again, galvanic excitation of the eerebral ganglion produces no 
appreciable effect; similar excitation of the lower ganglion, how¬ 
ever, provokes violent muscular movements, and if prolonged, 
often “arrests the heart in dilatation and diastole as is the ease 
when the pneumogastric is stimulated in the neck of verte¬ 
brates”—in other words, inhibits it. Now, physiologists teach, 
although as stated by Langley"* they “are still far from any real 
knowledge of the processes involved in inhibition,” that it is a 
physiological function, and that the slowing of the heart’s 
action which attends stimulation of the vagus in the neck exem- 


■ Vulpian: 

■ Langley: 


cited by Letanrnenu: "Lm Biologic.'* p. MB. 1811. 
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pliftea the process. This is, in my opinion, a baneful conception *, 
one indeed, which has misled clinicians in their interpretation 
oi several heart disorders and their treatment, and which, as 
I will show, has perpetuated our ignorance of the manner in 
which many of the most violent poisons cause death. 

In the first volume I adduced evidence showing that tlic 
inhibitory phenomena and cardiac arrest caused by jmsaing a 
current from the nose to the bulb were due to excitation of the 
pituitary body neural paths. In an article published since the 
first volume appeared” I emphasized the fact that inhibition was 
not a physiological function, and that it was due to a morbid 
vasomotor constriction of the. coronary arteries, which slowed 
the heart because it deprived it of blood. 

That the pituitary body contains a center capable of 
influencing tlic entire vascular system is demonstrable experi¬ 
mentally. 

Cyon 88 observed, in the course of experiments, on a large 
number of animals (carried on to study the relations betweun 
the thyroid and the pituitary), that any pressure, even the slight¬ 
est, upon the pituitary body at once gave rise to a sudden varia¬ 
tion of the blood-pressure, and to a markinl reduction in fre¬ 
quency of the heart heats. He then applied the electric current 
to the exposed pituitary and found Hint an extremely weak cur¬ 
rent produced the Bame effects hut to a much more intense de¬ 
gree. Not only was the increase of vascular tension general, 
but the suddenness w'ith which the pressure rose could only be 
caused by a sudden constriction of the arteries. 

Cyon’s observations have been fully confirmed recently by 
F. Masay 88 and amplified in such a manner ns to locate dis¬ 
tinctly in the pituitary body the origin of the phenomena wit¬ 
nessed. His investigations showed that mechanical and elec¬ 
trical excitation of this organ caused a marked and imme¬ 
diate rise of blood-pressure—from 81 mm. Ilg. to 200 in one 
instance—and that this effect was not prevented by section of 
both vagi. After splitting the soft palate longitudinally, a deli¬ 
cate electric trephine was used to remove a disk of bone imme- 
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diately beneath the pituitary body. Through this opening, two 
needle-like, perfectly insulated electrodes could easily be intro¬ 
duced. The variations of blood-preaaure—the kymograph being 
ennnAff tflil with the carotid—and pulse-rate are clearly shown 
in the tables reproduced below. They indicate the comparative 
effects of excitation of the tissues around the opening, of the 
pituitary proper, and of the same organ after section of both 
vagi. 

Exp. I.—Youira Doe; Wdoht, 3.30 Knee. Blood-preaaure. 

Prior to excitation.03 mm. Hg. 

Excitation of neighboring structures 03 

After .03 

Excitation of neighboring structures 03 

After. 03 

Excitation of pituitary body.108 

Immediately after. 03 

60 seconds after. 03 

Exp. V.—Doo; Wdoht, 2.0 Kiloo. 

Prior to excitation. 81 mm. Hg. 

1st excitation of pituitary body.144 

Immediately after.90 

2d excitation of pituitary body, 

IB seconds. .200 
30 seconds.. 100 


2 minutes.. 170 
Immediately after.BO 

Exp. IX.—Dou; Wdoht, B Kiloo. 

Both vagi cut. 

Prior to excitation.102 mm. Hg. 

Excitation of pituitary body, 

first 15 seconds.. 280 
second 15 seconds..270 

Immediately after.225 

1 minute later.180 

2d excitation of pituitary body.252 

.. .. .. .. .. ( e ioae)214 

Immediately after.144 

1 minute later.154 


These striking effects speak for themselves. The blood- 
pressure was raised instantly, precisely as when the lolrer seg¬ 
ment of the transected spinal cord is stimulated, in accord with 
Cyon’s observation. Misled, however, by the prevailing view 
that the posterior lobe is a vestigial organ and the belief that the 
anterior lobe is a secreting gland. Massy attributed tentatively 
these effects to this "secretion.** Not only, as I will show, 
is neither lobe of the pituitary a secretory organ, but it is evi- 
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dent that the rise of pressure throughout the whole organism 
could not bare been produced instantaneously with the distribu¬ 
tion of such a secretion as a preliminary feature of the process. 
As we will see presently, in fact, he produced similar effects by 
stimulating the medulla oblongata, with which, in the light of 
tiie facts submitted in the preceding section, the pituitary body 
is connected by nerve-paths. 

This direct connection between the pituitary body and the 
bulbar centers accounts—in the- light of my views—for an ob¬ 
servation made by Masay, viz., that “during excitation [of tlio 
pituitary] the power of the heart beats is diminished, while 
immediately after, it increases very greatly and becomes greater 
than normal/* We have here, in my opinion as previously 
stated, an example of inhibition, a morbid process duo to exces¬ 
sive vasomotor contraction of the coronaries., as shown by the 
following evidence. 

Brown-S£quard over fifty years ago™ observed that stimula¬ 
tion of the lower end of the cut vagus, in the neck, caused con¬ 
traction of the coronaries—a fact which led him to conclude 
that the vagus was the vasomotor nerve of the heart. In 1895, 
W. T. Porter 71 concluded that the vagus contained vasoconstric¬ 
tors, a current of defibrinated blood passed at a constant pressure 
through the coronaries of an isolated heart being materially re¬ 
duced in volume by excitation of this nerve. Maos™ confirmed 
'Porter’s results. Heymans and Demoor 73 then found histo¬ 
logically that the muscular coat of the coronaries contained a 
rich network of vasomotor fibers. My own study of the subject 
showed that the cardio-inhibitoiy impulses transmitted to these 
vessels by the vasoconstrictor fibers in the vagus were derived 
from the vasomotor center. 

A phenomenon, the mechanism of which had never been 
explained, i.e., cardiac inhibition, thus readily accounts for tho 
diminished cardiac action noted by Maaay on stimulating the 
pituitary body. He produced an effect identical to that obtained 
by the brothers Weber 74 when, in 1846, they passed a current 
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from the intranasal surfaces to the spinal cord, vis., he inhibited 
its action bj reducing the caliber of the coronaries and reducing 
the quantity of blood supplied to the heart-walls. 

The inhibitory effect of excessive constriction of the coron¬ 
aries has been demonstrated by several investigators. Chirac 1 * 
found that the beats of a dog's heart were soon arrested when one 
of the coronaries was tied. Erich sen 78 observed a similar result 
after tying these vessels. Leonard Hill,” referring to the in¬ 
vestigations of Cohnheim and Schulthess-Rechberg/ 8 Me Wil¬ 
liam,” Bettelheim, 80 and others, also states that "ligaturing one 
of the largest branches only is frequently sufficient to cause 
arrest." Again, S4e, Bochefontaine and Roussy* 1 observed that 
substances capable of plugging the coronaries—lycopodium 
spores, for instance—also caused cardiac arrest. Porter** 
plugged the left coronary artery in nineteen dogB and says that 
"the closure of the artery was always promptly followed by 
arrest." As the result of closure by ligation in sixty-seven dogs, 
he reached the deduction that “the frequency of arrest is in pro¬ 
portion to the size of the artery ligated." As cardio-inhibitory 
impulses transmitted through the vasoconstrictors of both vagal 
trunks probably influence all the coronary vessels simultaneously, 
the case with which the heart's action can be arrested by exciting 
the bulbar center is easily accounted for. Finally, Roister,"* 
Porter,* 4 and others have Bhown experimentally that the part 
of the heart supplied by an infarctcd coronary artery degenerates. 

Yet, if the vasomotor impulses inhibit the heart by causing 
excessive constriction of the coronaries, the effects on the heart 
wall should coincide with those resulting from deprivation of 
blood. Such is undoubtedly the case: E. Weber** observed 
that during partial inhibition the cardiac contractions were 
weakened, while Scliiff** found that the muscular elements of 
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the entire organ responded less or not at all to stimuli. Fran- 
gois-Frank, Fischel,* 7 and others observed that the cardiac walls 
were softer than usual. Foster** states that when the inter¬ 
rupted current is used to stimulate the vagal trunk, the heart 
remains in diastole, motionless and flaccid. When, however, the 
current is weak, the beats are only slowed and weakened. Coats*" 
ascertained manometrically that the contractions were markedly 
reduced in force. Gaskcll 00 and Stcfani* 1 found that the ventri¬ 
cular tonicity was reduced. Muskens" 3 also found that stimula¬ 
tion of tbe-yagus lessened the force of the contraction in the 
frog. 

Gaskcll* 3 characterizes as “most striking” the attending 
depression of activity. Still, there is no loss of inherent mus¬ 
cular irritability, since, according to Foster,* 4 a pin prick in the 
heart during inhibition may cause a beat; the morbid phe¬ 
nomena are, therefore, the result of a deficient supply of the 
nutrient components of the blood. Porter"* states that “but 
little is known as to the constituents of the blood which arc 

m 

essential to the life of the mammalian heart,” and that “an 
abundant supply of oxygen is certainly highly important.” The 
manner in which the deficiency of these blood constituents causes 
the inhibitory effects is suggested in the following lines of tang- 
ley's :** “The decrease of rigidity in the inhibited muscular tis¬ 
sue shows that inhibition is not caused by the development of a 
contractile force, acting in a direction opposed to the normal 
one and overpowering it. We are then brought to the conclusion 
that certain nerve impulses—the inhibitory nerve impulses—are 
able to lessen or to stop the chemical change in the tissue which 
leads to contraction.” 

It is evident, therefore, that even the diminution of the 
heartr-beats which Masay observed during excitation is likewise 
due to vasomotor constriction. 

Any doubt that may remain as to the influence of stimula- 
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tion of the pituitary body on the vascular system is removed 
by the fact that all of Masay’s experiments indicate (1) that the 
rise of the blood-pressure and pulse occurred concurrently and 
fluctuated with the mechanical or electrical excitations of the 
exposed pituitary, and (2) that the recession of pressure, i.e., 
the resumption by the arteries of their former caliber, occurred 
immediately after each excitation ceased. The following table 
illustrates forcibly the suddenness of the fluctuations under the 
influence of excitation: 

Exp. IV.—Doe; Weight, 3.8 Kruoo. Blood-pressure. 

Prior to excitation. 81 mm. Hg. 

Mechanical excitation of pituitary.. 88 

Immediately'after. 38 

Electrical excitation.100 

Immediately after. 78 

Electrical excitation.100 

Immediately after. 72 

Electrical excitation.100 

Immediately after. 81 

This sudden elevation of pressure whenever the organ was 
stimulated occurred repeatedly until a clot prevented further 
work. An additional feature of these results is that the animal 
had been given morphine and curare, so that the rise in pressure 
represents an excess over that already caused by these drugB. 
Were it not for this, the difference between the pressure before 
and during excitation would have been much greater. 

Still, if Masay actually inhibited the heart when he ob¬ 
served that oxcitation of the pituitary diminished cardiac power, 
and the brothers Weber produced the same effect by passing a 
current from the nasal mucous membrane posteriorly, removal 
of the pituitary body should prevent the phenomena caused by 
nasal excitation. Cyon” found that the inhibitory slowing of the 
heart obtained by stimulating the nasal mucous membrane and 
the reflex phenomena caused by the same procedure could no 
longer be obtained immediately after extirpation of the pitui¬ 
tary body. Even the most active stimulants, ammonia, for 
instance, applied directly to the nasal mucous membrane, failed 
to elicit the least response. “The beneficial influence of reflex 
action on the heart obtained, by stimulating the nasal mucous 
membrane in *i/nropr,” says this physiologist, “must react, 

1|T| " Croa: Archly f. 4. (a. Physiol.. Bd. taxi. 8. Ul; and Bd. IxxU. B. OS, 
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. therefore, indirectly upon the cardiac nerves through the inter¬ 
mediary of the pituitaiy body”**—* true statement'when, in the 
light of my views, the reflex effect is ascribed to constriction 
■ of the cardiac arteries, which are dilated (their muscular layer 
as well as the skeletal muscles being relaxed) during syncope. 

This beneficial action of reflex contraction of the coronaries 
exemplifies clearly how the heart may be inhibited. In syncopo 
the dilated vessels are restored to their normal caliber; in inhibi¬ 
tion, excitation decreases their caliber until the streams of blood 
supplied to the heart are totally inadequate to sustain the func¬ 
tional activity of the organ. Experimental inhibition, therefore, 
is an artificial process and does not, as physiologists teach, exem¬ 
plify a normal function. 

All this has served further to show, not only thnt the coron¬ 
aries are supplied with vasomotor nerves, but also that the pitui¬ 
taiy body is a vasomotor center. Indeed, the latter feature, and 
the fact that, as believed by Masay, it is not a problematical 
secretion which causes the rise of blood-pressure, are placed on 
a solid basis by the experimental demonstration that stimulation 
-of the pituitaiy body and of the bulbar vasomotor center pro¬ 
duce similar effects. This is brought nut in two of Masay’s 
tables. The conditions presented here are such as to insure as • 
much as possible correspondence in the strength of current used, 
the duration of stimulation, etc. 


Exp. V.— Don; Weight, 2.0 Kii/io. Blood-pressure. 

Prior to excitution. 81 tnin. Hg. 

1st excit. of pitiiitwry body.144 

i« M CS 

first 15 seconds..200 
after 30 .. 190 

Exp. II.—Doa; Weight. 6.5 Kiuio. 

Prior to excitation.00 

1st excit. of bulb.138 

lHt " “ “ after 30 seconds... 154 

2d * ...128 


The needle-electrodes were merely thrust into the medulla 
oblongata from the front, instead of into the pituitary. The 
recession of the blood-pressure after stimulation was immediate 
in both instances, thus showing that the region stimulated in 
the bulb was a vasomotor center. 
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All this evidence emphasises another fact, vis., that among 
the paths from the pituitary body to tlic spinal cord referred to 
in the preceding section, there are fibers that are capable of ' 
conducting vasomotor impulses at least as potent in* their influ¬ 
ence upon the general vascular system as those transmitted along 
tiie familiar paths of the spinal cord by the bulbar centers. 
That the impulses derived from the pituitary reach the peri- ■ 
pheral vessels by way of the bulb and its spinal vasomotor path¬ 
ways is self-evident, since there is no ground for the assumption 
that tiie pituitary body has an autonomous set of fibers for this 
purpose. 

The presence of such an autonomous set of vasomotor 
fibers between the posterior pituitary and the bulbar vasomotor 
center, however, recalls vividly the relationship of the spinal 
cord below the bulb with, the great sympathetic, and suggests 
an important question: may the vasomotor impulses not be 
sympathetic as to their distribution ? Excitation of the bulbar 
vasomotor center causes, as stated by Winfield S. Hall, “gen¬ 
eral contraction of all the arteries,” while paralysis of this cen¬ 
ter “causes general dilatation.” Sympathetic vasomotor action, 
on the other hand, is a restricted one; thus, Howell, after 
. showing the influence of stimulation and section of sympathetic 
paths, writes: “From those and numerous similar experiments, 
we may conclude that normally the arteries —that is, the arter¬ 
ioles —arc kept in a condition of tone by impulses received 
through the vasoconstrictor fibers,”—-evidently sympathetic con¬ 
strictors. Now, the manner in which Masay’s results could 
have been awakened through sympathetic fibers front the pos¬ 
terior lobe to the bulbar vasomotor center, and thence down 
the cord to the origin of the sympathetic nerves, the ultimate 
nerve-path to the tissues, is suggested by another quotation 
from Howell’s work: “When vasoconstrictor fibers are stim¬ 
ulated, there is a rise of pressure in the artery supplying the 
organ and a fall of pressure in the veins emerging from the 
organ. This result is what we should expect if the constric¬ 
tion takes place in the region of the arterioles.” As these 
terminal vessels are governed by sympathetic fibers, stimulation 
of the pituitary must either have raised the pressure by con¬ 
stricting the arterioles through these fibers, or by stimulating 
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the bulbar vasomotor center, thus causing constriction of all 
arteries. Which of the two processes is the trua one? 

Experimental evidence shows clearly that it cannot have 
been merely because the impulses excited the vasomotor cen¬ 
ter. As is well known, Ludwig and Owsjannikow, who estab¬ 
lished the limits of the latter, found that when the midbrain 
above the bulb was cut through, the blood-pressure was not 
’ materially influenced, and that it was only when the bulb was 
cut across or below the now recognized location of the center 
that paralysis of the vessels was complete. It is evident, there¬ 
fore, that the vasomotor center is not located above the hulb. 

Such is not the case, however, with what 1 will hereafter 
designate as the "sympathetic center.’ 1 

In the twentieth chapter 1 will submit evidence to the 
effect that antipyrin and other coal-tar products and drugs pro¬ 
duce their antipyretic and analgesic effects precisely by causing 
constriction of the arterioles supplied with the sympathetic 
vasoconstrictors to which Howell refers. Now, itawadowski*"* 
found that when the tissues of the base of the brain were cut 
through, "the cut being made through the thalami optici or 
the corpora striata, 11 antipyrin and other antipyretics were no 
longer active. The section being far above the bulb, though 
immediately below the pituitary body, the fibers severed were 
those which transmitted Masay’s blood-pressure raising im¬ 
pulses. The fact that these sympathetic vasoconstrictor fibers 
influence only the arterioles, the smallest arteries, explains also 
why Ludwig and Owsjannikow did not affect the vascular ten¬ 
sion markedly by dividing the same nerves. 

Again, the basal structures severed by SawHilowski—-at 
least the walls of the third ventricle to which Cajal, Van 
Gehuchten and others have traced nerve-fibers from the pitui- 
tary—give passage to typical sympathetic fibers. Referring to 
this region, Edingei*** says: "The inner side of the thalamus 
is separated from the ventricle by a uniform layer of gray mat¬ 
ter. This is called the central gray matter of the middle 
(third) ventricle, and consists of a tissue rich in cells, and tra¬ 
versed in all directions by numerous /fits, medullaled nerve- 

^■fcwMowkl: Contralbl. (. d. mcd. Wlaeen., Jihrmi »vl, pp. 145, HI, 
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fibers.'* Now, the identity of such fibers is well known. “A 
striking feature of the sympathetic system," says Langley,* 1 ? 
“is the predominance of small medullated fibers in it. This 
was pointed out by Bidder and Volkmann in 1842. The great 
majority of its medullated fibers vary from 3l» to 3 .6p In diam¬ 
eter. .Very large mednllated fibers, 15 to 20jt, which 

. are common in the roots of the spinal nerves, do not occur in 
the sympathetic system." Kolliker 884 also teaches that “the 
neuraxes of sympathetic neurons become invested in many 
cases with a thin medullary sheath, thus forming veiy fine 
medullated fibers, which, on account of their small size, can be 
differentiated from the smallest cerebro-spinal fibers." 

Cyon and Masay, in the light of this evidence, therefore, 
stimulated the sympathetic center , the marked elevation of 
blood-pressure provoked (and which receded instantly when the 
excitation ceased) being due to constriction of dll the arterioles 
and the resulting accumulation and pressure behind the vas¬ 
cular obstruction. 

This obviously liberates the bulbar vasomotor center of 
the functions ascribed to the sympathetic Bystem, and endows 
the latter with autonomous functions. That such is the case 
is sustained not only by the foregoing evidence, but also by the 
anomalous role which the bulbar vasomotor center is infer- 
entially made to play according to prevailing teachings (in view 
of the fact that experimental work on the sympathetic is used 
to exemplify vasomotor action, constriction and dilation) not 
only as the regulator of vascular tonus, but also, through its 
connection with the sympathetic, of functions of different 
kinds, secretory, motor (peristalsis) and inhibitory. Although, 
as will be shown in the twentieth chapter, the latter are, in 
reality, nothing but what might be termed “experimental" 
pseudo-functions, the fact remains that as stated by Hall in 
reference to the sympathetic system: “The importance of this 
system in the control of the vital functions of the body can 
hardly be overestimated." That it should be provided with its 
own center—though closely related with bulbar vasomotor cen¬ 
ter through its fibers thereto, which, as we have seen, are of 
the special sympathetic type—is, therefore, only logical. 
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This involves the conclusion that the large vessels, as well 
as the arterioles, are supplied with vasomotor nerves, the former 
being governed by the bulbar vasomotor center. This is in 
accord with the more recent teachings of histology. Joris, M * 
in a comprehensive review of the subject, and after consider¬ 
able histological work, using the Uolgi and Khrlich methods, 
concludes with the remarks: “A fact which we must consider 
as established is that all arteries and all veius are provided with 
intrinsic nerves. Their existence in the nerve-centers is not 
as yet established, notwithstanding the researches of Olier- 
steiner, Morisson and Huber. Hut these negative results de¬ 
pend certainly upon the technical dilliculties.” To emphasize 
his statements. Professor Joris adds: ‘T suid intentionally all 

the arteries and all the veins ”.“blood-vessels ure 

supplied with nerves, because their walls contain muscle-fibers." 
This can also be said of veins, among which he enumerates, 
besides the smaller veins, the “venae cava*, jugulars, iliacs, etc.” 

As to the distribution of these nerves and their function, 
Joris writes: “All the nervous branches which surround and 
accompany the blood-vessels do not ramify in the thickness of 
their walla. Many of them follow only momentarily the path 
of the vessels and terminate in other organs. These arc the 
satellite nerves. The true vascular nerves arc quite distinct 

from the satellite nerves.”.“These [truu vascular | 

nerves form, by their anastomoses, a perivascular plexus. 
Finer branches, differing structurally and having different func¬ 
tions, emanate from this plexus. Some ore destinud for the 
smooth fibers of the tunica media (motor fibers) ; the others arc 
sensory {sensitive fibers).** All these nerves are evidently vaso¬ 
motor, since they “end absolutely in the thickness of the vas¬ 
cular walls. Their anastomoses are mutual and never with 

neighboring nerves, muscular, glandular, etc.”.“The 

perivascular plexus is clearly isolated; the aggregate of fibers 
which compose it form an independent exclusively vascular 
apparatus.” As to the sensitive fillers, “they sink into the 
depth of the tunica adventitia as do the motor fibers, but do 
not anastomose with them.” 


1 Jorla: 
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If, as i hold, the larger vessels are governed by the vaso¬ 
motor (bulbar) ceuter, while the arterioleB are controlled by 
the sympathetic (posterior pituitary) center, the nerves* sup¬ 
plied to the latter' vessels should be those of the sympathetic 
type, the fibers of Remak, the small, supposedly “non¬ 
medullated” fibers referred to a few pages back: "Vascular 
nerves are formed of nonmedullated and medullated fibers,” 
writes Joris; "the latter are numerous on the surface of the 
vessels, the caliber of which exceeds 80 microns. They become 
gradually more scarce, and disappear completely along the more 
delicate vessels. None but nonmedullated fibers remain when 
the caliber of the vessel is approximately 50 m icrons.” This 
diminutive size is quite compatible with the anatomical rela¬ 
tionship of the arterioles as 1 interpret this term, vis., the more 
or lesB elongated terminals of all arteries—which open directly 
into the capillaries, including the so-called "precapillary vessels. 

Tbe location of the neural lobe of the pituitary at the head 
of the spinal structures that project into the base of the brain; 
its identity as a highly differentiated structure; and the fact 
that in a large group of animals, either as the "sub-cesophageal 
ganglion” of various invertebrates, or as the "central ganglion” 
of the lower chordata, it is the general center of the nervous 
system, and the experimental evidence submitted clearly points 
to this organ as the seat of a center, such as the sympathetic 
center, which, as 1 will show, takes part in a function which far 
exceeds in importance that of preserving the vascular tonus— 
the only role fulfilled by the bulbar vasomotor center. 

Summarized, all this evidence seems to me to have shown: 
(1) that the neural or posterior lobe of the pituitary body contains 
a center which governs the great sympathetic system, including its 
vasoconstrictor nerves to the arterioles; (8) that this center fs con¬ 
nected by nerre-paths with the medulla oblongata and spinal cord 
through which it transmits its impulses; (3) that the bulbar vaso¬ 
motor renter does not maintain the tonus of the arterioles , as now 
taught, but solely that of the reins and larger arteries; (4) that the 
center in. the posterior or neural lobe of the pituitary which governs 
the caliber of the arterioles , should be termed the "sympathetic 
center .” 



THIS POST. PITUITARY AS SRNSORY ANI1 MOTOR CRNTKK. WW> 


THE NEURAL LOBE OF THE PITUITARY AS THE SKAT OF 
COMMON SENSIBILITY AND AS A GENERAL 
MOTOR CENTER. 


The pituitary body remained whole, of course, in the decere¬ 
brated animals referred to in a foregoing section, and the 
paths to the spinal cord likewise. Foster,"* referring to such 
animals, states that they “may lie kept alive and in good health 
for a long time,” and they exhibit “a spontaneity obviously be¬ 
tokening the possession, not merely of a conscious volition, but 
of a certain amount of intelligence.” Now. there is no struc¬ 
ture in the base of the brain that is endowed with such on attri¬ 
bute. The optic tlialami and corpora slriuti ore the only organs 
to which such an important role might hyiiothetically be as¬ 
cribed; but we have seen that in Golt/.’s dog, destruction of 
these organs did not prevent its remaining “alive and in good 
health for a long time,” and that all its functions wurc per¬ 
formed normally. The posterior pituitary alone is capable of 
playing such a rdle: not only docs it contain highly differ¬ 
entiated nervous elements, various type's of highly organized 
nerve-cells, but even its outer layer was found by Luschkn, t<M 
Muller, 101 who studied the pituitary front ntyxinc to man, and 
others, to he composed of gray substance recalling that of the 
cerebral cortex. 

The neural lobe thus presents structural features which 
indicate that it is fully able to carry on functions of the highest 
order, and in which co-ordination is blended with enough con¬ 
scious volition to account for the manifestations of intelligence 
to which Foster refers. As we will now see, it ran not only 
generate motor impulses, but also receive sensory impulses and 
impressions—the products of sensual perceptions—of various 
kinds, and co-ordinate a group of motor impulses adapted to the 
needs of the moment—not mere manifestations of reflex action, 
but complex combinations. Even this represents but a refine¬ 
ment of functions which the neural lolie alone governs in the 
primitive chordata. Thus T.oeb ,oa states that Ferrier “men¬ 
tions the one ganglion of the Ascidians as illustrative of the 
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ganglion reflexes/* t.s., of a structure capable of receiving sen¬ 
sory impulses and sending forth motor stimuli. 

The identity of the pituitary body as a sensory center is 
emphasized first of all by the fact that lesions of the cortex do 
not influence general sensibility. 

"Innumerable cases have been reported of lesions of the 
motor cortex/* writes C. K. Mills," 0 * "without the slightest im¬ 
pairment. of sensibility. In several cases of excision of the 
human cortex in the Rolandic region by surgical operations, 
careful studies of the patients by the writer and others failed 
to show any impairment of sensation.’* As we all know, a large 
number of cases of extensive injury of the cerebrum fully sus¬ 
tain this assertion by the absence of sensory phenomena. Again, 
Charcot and Pitres 104 state that "the paralyses of cortical origin 
are accompanied sometimes with disorders of cutaneous or mus¬ 
cular sensibility, but these sensory disorders, which are eventu¬ 
ally associated with motor paralyses, do not show a direct or 
necessary connection with lesions of the motor zone.** We have 
seen also, that the pigeon deprived of its hemispheres can feel 
and shake ofT a fly that chances to alight on the feathers of its 
head; that Goltz’s dog, similarly mutilated, reacted promptly 
to tactile sensation, limped when hurt, promptly raised its feet 
when these were placed in cold water, etc. On the other hand, 
Schafer 100 concludes a comprehensive review of the question 
with the remark: "This no doubt lands us in the unsatisfactory 
position that we are unable certainly to say in what part we are 
to localize cutaneous sensibility, or even if it is localized at all 
in the carter.’' 

This obviously suggests that the posterior pitnitaiy, i.e., 
the neural lobe, might in the light of my views, fulfill this func¬ 
tion. Yet, a decapitated frog, i.e„ one deprived of its basal 
ganglia and part of the central gray matter, and, therefore, of 
the pituitary body, will raise one of its limbs and adjust it to 
a spot upon which some irritant lias been placed in order to rub 
it. We must not. lose sight of the fact, however, that all pro- 
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toplasm is endowed with reflex attributes and that nerve im¬ 
pulses only multiply their inherent properties. We have in this 
auto-protective motion of the decapitated frog, therefore, but an 
expression of ite latent capabilities. As stated by Foster, 1 ” 
“the phenomena presented by a frog possessing the middle por¬ 
tions of the brain differ widely from those presented by a frog 
possessing a spinal cord only. We may, perhaps, broadly describe 
tiie behavior of a frog from whom the cerebral hemispheres only 
have been removed by saying that such an animal, though ex¬ 
hibiting no spontaneous movements, can, by the application of 
appropriate stimuli, be induced to perform all, or nearly all, the 
movements which an entire frog is capable of executing.” Of 
the frog possessed of its spinal coni only, he says: “When placed 
on its back it makes no attempt to regain its normal posture; 
in fact, it may be said to have completely lost its normal posture, 
for when placed on its belly it docs not stand with its fore fret 
erect, as docs the other animal, but lies flut on the ground. 
When thrown into water, instead of swimming it sinks like a 
lump of lead. When pinched or otherwise stimulated it does 
not crawl or leap forward; it simply throws out its limbs in 
various ways. When its flanks are stroked it docs not croak; 
and when a board on which it is placed is inclined sufficiently 
to displace its renter of gravity it makes no effort to regain its 
balance, but falls off the honnl like a lifeless mass. Though, as 
we have Been, the various parts of the spinal coni of the frog 
contain a large amount of co-ordinating machinery, so that the 
brainless frog may, by appropriate stimuli, lie made to execute 
various purposeful co-ordinate movements, yet these are very 
limited compared with those which can be similarly carried 
out by a frog possessing the middle and lower parts of the brain 
in addition to the spinal cord.” The author also states that 
“the phenomena presented by animals deprived of their cerebral 
hemispheres show that this machinery of co-onlination is sup¬ 
plied by cerebral structures lying between the cerebral hemi¬ 
sphere above and the top of the spinal cord below,” and subse¬ 
quently refers to the “foundation of the machinery in question” 
as “the tegmental region from the bulb upward .” The teg¬ 
mental region, that through which ascends the fillet, is likewise 
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referred to by Foster 10 * as a “probable path of sensations of 
one kind or another from the body at large.” 

The neural lobe may well be, therefore, the organ in which, 
repeating Schafer’s words, we can “localize cutaneous sensibil¬ 
ity” and in fact sensory impulses received from mucous mem¬ 
branes, muscles, etc., since in Goltz’s dog all functions, digestion, 
salivation, urination, etc., which involve reflex actions, were per¬ 
formed normally. As stated in the preceding section, moreover, 
this lobe is the only organ “lying between the cerebral hemi¬ 
sphere above and the top of the spinal cord below,” as Foster 
says, that is capable structurally of carrying on the functions 
of a center. Finally, that it is actually the seat of sensibility is 
clearly suggested by the presence of various disorders of sensa¬ 
tion when the pituitary body is diseased. 

In acromegaly, for example, very severe headache of a neu¬ 
ralgic type iB commonly observed. It is usually limited to the 
head but may extend over the entire body, as in a case reported 
by Hymanson, 10 * or be localized, as in that observed by Pirie, 
who specifies “the face, chest, back and loins.” The facial 
neuralgia is essentially within the domain of the fifth pair os 
emphasized, by Gubler. 110 Rosenhaupt 111 found that when this 
characteristic pain was present, the skin of the face was hyper¬ 
sensitive. Breton and Michaut 111 noted that pressure on the 
points of exit of the fifth caused intense pain, with typical signs, 
of acromegaly. In one of M. Allen Starr’s cases 11 * the pain was 
agonizing and was constant over the forehead and back of the 
eyes. In another instance, recorded by O. T. Osborne, 11 * the pain 
is stated by him to have been “directly over the pituitary body” 
while the autopsy “revealed a plate of bone making pressure at 
this very point.” 

Disorders of sensibility of other kinds may likewise occur. 
Panesfhesia of the lower extremities and back was observed by 
Pearce Bailey 11 * in a case of tumor of the pituitary, in which 
this organ was found, after death, to have been the seat of an 
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extensive haemorrhage. In his case of acromegaly, Pirie noted 
"shooting pains in combination with parseathesia, tingling and 
•numbness” of the arms and legs, and "a remarkable perversion 
of thermic sensibility” in the lower limbs, front of the abdomen 
and cheat to about the level of the fourth rib, the patient having 
“no sensation of heat in these regions/’ and he refers to Stern¬ 
berg as remarking “particularly on the occurrence of pain and 
parseathesia as valuable signs for diagnosis in the early stages of 
the disease.” Many similar instances could be quoted. 

This is strikingly controlled by the fact thnt removal of the 
pituitary abolishes sensation even of the most sensitive nerve of 
the body, the fifth pair. Thus Cyon not only oltserved in the 
course of his investigations in a very large number of animals 
(though working in different lines) that removal of tlic pitui¬ 
tary annulled -nasal sensory phenomena, sneezing, etc., but he 
also specifies 11 * that all the nerves, including the fifth and glosso- 
pharyngeus, “lost their reflex influence after the pituitary body 
had been removed.” The inference is obvious in view of the 
fact that section of the fifth deprives the nasal surfaces of sen¬ 
sibility. Whether severed between the nasal surfaces and the 
bulb, or between the latter and the pituitary lsidy or destroyed 
along with the hitter amounts to the same thing: wu are brought 
to the inevitable conclusion that the fifth is also under the 
domain of the pituitary body—a fact which in turn explains 
why lesions of this organ can provoke sensory phenomena 
throughout the entire organism, for the fifth is but a portion 
of the great system of common sensation. 

All these phenomena belong, however, to the domain of 
common sensibility. Do other special senses show evidence of 
being related in any way with the pituitnry body ? 

Smell is sometimes impaired and even lost in acromegaly, 
as shown by cases reported by Joffroy. ,,T Lossynsky, 11 " Rox¬ 
burgh and Collis, 11 * and others. A study of the question—tlic 
details of which I will not inflict upon the reader—showed that 
the sense of olfaction per se could be influenced indirectly, the 
morbid effects being due to ischaemia and impaired nutrition of 
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the olfactory area through involvement of the sympathetic cen¬ 
ter in the neural lobe. Another Bource of disorder in the nasal 
cavities is brought about through the sensory fibers of the* 
mucous membrane. As stated by Haycraft, 110 “the fifth is the 
nerve of common sensibility to the nose, and in the case of dis¬ 
ease or section of this nerve, irritants such as pepper, chlorine, 
and ammonia, produce no irritating effect.” This statement is 
suggestive in view of the fact that removal of the pituitary body 
by Cyon produced, we have seen, identically the same effect. 

While there is no ground for the conclusion that the pitui¬ 
tary body receives odoriferous impressions as far as available 
ovidence is concerned, therefore, the common sensibility im¬ 
pressions are clearly referable to this organ. 

Vision is impaired in a large proportion of cases of acrome¬ 
galy—91 times in 174 cases according to Hertel 1 * 1 —and blind¬ 
ness is a frequent result. Optic nerve .disorders arc, at least in 
part, ascribable to pressure of the enlarged organ on tho optio 
chiasm. Bi-temporal or one-sided temporal hemianopsia for form 
and color iB also observed. The symptoms may appear early and 
follow a progressive course; conversely, the disease may have 
existed many years before visual disturbance appears. As shown 
by the statistics of Hertel, they may not appear at all, though 
the typical symptoms of acromegaly be present. In such a case, 
reported by Ferree Witmer 1 ** for instance, the eyes were exam¬ 
ined by W. Campbell Posey. “As a result of the ophthalmo- 
logical examination,” says the latter, “it is evident that there 
is no pressure anywhere on the optic tract.” Interesting in this 
connection, is the fact that among the symptoms recorded in this 
case was a “marked reduction of the common sensibility” and 
that “the sensibility of the fauces was also considerably dimin¬ 
ished/’ In another case of acromegaly observed by Packard 
and Cattell, reported by Spiller, 1 ” “the visible fields for form 
and color were normal; the pupils responded freely to light in 
accommodation and in convergence” and yet common sensibil¬ 
ity was markedly reduced. Thus tests to determine the rate of 
sense perception showed “a retardation of reaction time to forty 
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per cent, below the normal.” At the autopsy a round-celled 
sarcoma about the size of an English walnut was found in the 
pituitary body which pressed upon the optic nerves. 

Apart from the impressions of common sensibility, the ana¬ 
tomical connections of the visual tract do not present features 
which suggest a direct functional connection with the pituitary 
body. Indeed, Goltz’s dog, though sensitive to a bright light, 
conld not actually see. This does not apply of course to the 
oculo-motor muscles which in common with other muscles, are 
also related through the bulb, with the latter. Hence the stra¬ 
bismus often observed in acromegaly and neoplasms of the pitui¬ 
tary. 

We are again brought to conclude, therefore, os far as the 
main functions of the eye arc concerned, motion and common 
sensibility are the only ones related directly with the pituitary 
body. 

Hearing is occasionally impaired in acromcgnly, hut a feat¬ 
ure which stands out prominently in this connection is that dis¬ 
orders of sensibility appear always to be present concurrently— 
even when the very frequently observed symptom, tinnitus, fails 
to appear. -In Pirie’s case, for example, tinnitus accompanied 
the marked Bensory disturbances to which reference has been 
made. In Hymanson’s it also coincided with numbness of the 
hands. Ib Lackey’s 114 tinnitus and impairment of hearing oc¬ 
curred in conjunction with numbness of both feet and hands. 
Deafness may also appear along with cutaneous hyponesthesia 
as in Breton and Michaut’s case. Conversely, (libson states that 
his patient "was not at all deaf” and that "ordinary sensibility 
to touch, pain, heat, cold and electric stimuli was intact;” in 
Qlinker's 1 *• case the special senses were normal and "the pain, 
touch and temperature senses” likewise. All these phenomena 
are readily accounted for by the fact that aside from the auditory 
nerve distributed to the cochlea, the vestibule and semicircular 
canals, the membrana tympani receives fibers from the fifth pair. 
"Although the innervation of the membrana tympani has not 
been conclusively established,” write McKendrick and Gray, tM 
"there is little doubt it is supplied with sensory nerves by the 
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fifth, and also by the tympanic plena, foamed by flben derived 
from the otic ganglion, from the petrosal ganglion of the glosso¬ 
pharyngeal, and from the carotid plexus." The aural symptoms 
of acromegaly, therefore, are not preversions of the sense of 
hearing, but disorders of general sensibility. 

Taste is rarely referred to as being morbidly influenced by 
disorders of the pituitary, but it is probable that the condition 
of this sense is seldom inquired into. It is occasionally men¬ 
tioned, however, among the symptoms of acromegaly and tumor, 
la Gibson’s case, the food bad to be highly seasoned before it 
could be tasted. In a case which proved to be one of melanotic 
sarcoma of the pituitary observed by Agostini 1 ” impairment 
of taste coincided with auditory, visual and olfactory pares¬ 
thesia and with “obtuse general sensibility." Here again we 
have not only glosso-pharyngcal fibers and the lingual terminals 
of the chorda tympani, but also the lingual branch of the 5th, 
which supplies the anterior two-thirds of the tongue with com¬ 
mon sensibility. 

This terminates the list of special senses. It has become 
apparent that the only special Bense clearly related with the 
posterior pituitary is that of general sensibility. 

Although this organ thus asserts itself as a terminus for 
impressions included within the precincts of a single special 
sense out of the five, the function it fulfills in this connection is 
a far-reaching one as interpreted from my standpoint, since it 
means “the sensations of one kind or another from the body at 
large,” including those from the gastro-intestinal mucous mem¬ 
branes, the muscles, etc. 

We can now understand why Mills could write that “innum¬ 
erable cases have been reported of lesions of the cortex" or excis¬ 
ion of portions thereof failed to produce “the slightest impair¬ 
ment of sensibility," and why Schafer was unable to say whether 
cutaneous sensibility was localized at all in the cortex. The 
foregoing facts obviously show that the cortex is not the organ 
through which such sensations are perceived. Indeed, Cyon’s 
observation in relation to the loss of sensibility of the nasal 
mucous membrane after removal of the pituitary is but a limited 
example of the morbid influence of this procedure: Vassale and 
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flaechi 1 ” found that the animals submitted to it remained totally 
indifferent to excitation —evidence that their general sensibility 
frail been destroyed. It is plain, therefore, that the posterior or 
neural lobe of th$ pituitary body receives impressions of general 
sensibility from the body at large. 

Sensory impulses of this kind awaken normal motor stimuli 
in animals deprived of their brain. Thus in Units's dog, there 
was no loss of muscular co-ordination although the animal was 
not, of course, deprived of its pituitary. And yet, this phenom¬ 
enon always attends removal of this organ, even though the 
cerebellum and the semicircular canals be normal. The pitui¬ 
tary body must, therefore, exercise nn all-pervading influence 
over motor phenomena. What is the nature of this influence? 

Clinical data throw considerable light upon this question 
provided several confusing facts are borne in mind and mis¬ 
leading cases are avoided. First among the fonner, is the re¬ 
serve of functional elements with which the pituitary body, in 
''common with the “ductless glands,” is endowed, which makes it 
possible for this organ to carry on its functions even though con¬ 
siderable of its substance is destroyed. Thus, Vassale and Sac- 
chi 1 ” in the course of their exjierimentB on cats and dogs, in 
which total extirpation of the pituitary invariably proved fatal, 
only partially destroyed it in one of these animals, as previously 
stated. The characteristic phenomena were observed for about 
three weeks, after which the animal gradually recovered and re¬ 
mained healthy. At the end of eleven months it was killed and 
the incomplete destruction was confirmed. Friedmann and 
Maas 110 also refer to three animals which were killed after two 
«md one-half, three and four months after a supposed destruc¬ 
tion of the organ; but this was found to have boon incomplete. 

This -partial destruction may he due to disease. As empha¬ 
sized by Burr and Hiesmann, 1 * 1 the pituitary body can also carry 
on its functions, even though a part of it be diseased. Thus 
in a of tumor of this organ in which no signs of acromegaly 
were present, they found a considerable portion of its elements 
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intact In a case reported' by Walton, Cheney and Mallory 1 ** 
a part of the pituitary body was also found normal. 

Another clinical feature which tends to obscure the rflle of 
the pituitary body is the extension of a morbid process in this 
organ to structures above, or the presence, simultaneously, of 
cerebral, bulbar or spinal lesions. The cases quoted herein are 
of such a nature as to prevent confusion on this scon*; they in¬ 
clude only such disturbances as those witnessed experimentally 
either during stimulation or after extirpation in normal animals. 

Irrespective of these sources of confusion, the functional 
relationship between the pituitary and tbc muscular system 
may easily be discerned. Thus, while Pironne 133 found experi¬ 
mentally in common with other observers, that “the results of 
removal” are “disturbances of mobility, great depression, rapid 
emaciation, cachexia and death,” Rath 134 enumerates the symp¬ 
toms of tumor of the organ in the order of their frequency as 
follows: headache, generally frontal and temporal; vomiting; 
vertigo; disturbances of motion, spastic and paretic; disturb¬ 
ances of speech; disorders of tbc pupil; paralysis of the ocular 
muscles; diabetes mellitus and insipidus. The ocular motor 
disturbances, “vomiting,” “motion” and “speech,” bring into 
play almost all the muscles of the organism governed by the 
cranial nerves, including tbc tenth (vagus) nnd fifth. Tn 
Agostini’s ease of sarcoma of the pituitary, muscular asthenia 
was a prominent symptom, although tbc characteristic signs of 
acromegaly were altsent. In another ease of tumor reported by 
Howard and Southard,' 133 “some unsteadiness of gait” was noted 
four years before death, suggesting not only muscular weakness 
but impairment of co-ordination. In Walton, Cheney and Mal¬ 
lory’s case, 133 an angiosarcoma had destroyed the pituitary in 
part, without giving rise to clearly-defined symptoms of acrome¬ 
galy; and yet the patient's gait was “slow and dragging” and 
the muscular weakness increased until “extreme prostration” 
was reached. Tn a case characterized as “ataxia but without any 
signs of acromegaly,” observed by T. W. P. and J. Lawrence, 131 
the pituitary was found enlarged and the posterior lobe was de- 
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strayed. Massy 1 *■ observed that after removal of the pituitary 
body, the animals (dogs) though they tried to do so, were “un¬ 
able to stand,’* the ataxia being “complete." 

Such paralytic phenomena also occur in advanced acrome¬ 
galy. Here, muscular asthenia is a prominent feature. Even in 
cases such as those reported by Virchow, l)ann. Woods Hutchin¬ 
son and othen in which there is marked increase in bulk and 
muscular strength, in wrestlers, giants, etc., this symptom 
forms part of the cachectic stage into which the patient ulti¬ 
mately lapses. “In the earlier stage* in mine eases." writes 
Woods Hutchinson, 130 “there is a decided increase in both mus¬ 
cular bulk and jmwer, but this rapidly reaches n maximum and 
thereafter quickly declines." But he also concludes in accord 
with Dana, Tamhurini and Harlow Brooks, that ucromcgnly 
and giantism are “the result of a normal or glandular hyper¬ 
trophy of the entire pituitary body beginning in and chiefly 
affecting the anterior lobe, but even extending to uml affecting 
the posterior or nervous lobe." All cases of acromegaly which 
do not die of sonic intcrcurrcnt disease, in fact, lapse into what 
amounts practically to muscular iiii|Mitrncc. 

And we have here hut the uncomplicated tyjie. Along with 
the muscular asthenia we may have mixed symptoms Where 
in other words there was merely “increasing weakness," with 
“no evidence of paralysis” we now witness besides, phenomena 
recalling neuroses and muscular dystrophies of various kinds— 
syringomyelia; unilateral, bilateral or localized paralyses; pro¬ 
gressive muscular atrophy, etc. In some cases related by 
Duchesnau 140 for instance, “atrophy of the muscles was so 
marked, that it had been mistaken for syringomyelia, progressive 
muscular atrophy” and other kindred disorders. In a ease re¬ 
ported by Pirie 141 (who quotes Duchesnnu’s), the muscular 
weakness not only became intense, but this was attended by atro¬ 
phy of various muscles of the hands, arms, calf, thigh, and of 
the glutei. 

On the whole, it is evident that the “neural” nr posterior 
lobe of the pituitary, when diseased alone or in conjunction with 
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the anterior lobe, can provoke a great variety of motor disorders, 
a fact which, in view of the loss of m u scular co-ordination, the 
wmrlrsd r elaxation of all muscles and the profound asthenia 
that follow extirpation of the pituitary—including of course the 
neural lobe—dearly point to the latter as the seat of general 
motor centers. Its influence is not limited to the skeletal mus¬ 
cles, since, as we have seen, it governs also the sympathetic sys¬ 
tem, whoso terminals are distributed to the muscular coat of the 
arterioles. 

We can now understand why organic lesions, gradually 
as they destroy the cellular elements of the posterior pituitary, 
give rise to promiscuously-distributed disturbances of sensibility 
and motility. It receives sensory impulses from all muscles, 
skeletal, gastric, intestinal, diaphraglimatic, cutaneous, ocular, 
etc., and from the mucous membranes, then converts and co¬ 
ordinates all these impulses into motor stimuli which it sends 
back to the muscles, to sustain the many functions with which 
they are connected and to enhance their activity, when need be. 

The view still prevails in the minds of many that the cere¬ 
bellum is the co-ordinating center of muscular movements. Fos¬ 
ter says, in this connection, that experimental and clinical in¬ 
vestigations “have thrown little or no light on the exact nature 
of the part which the organ plays in the complex process, but 
perhaps rather Bhow that we are at present wholly ignorant of 
how co-ordination is brought about." He states also, however, 
referring to the pituitary body: “Concerning the purposes of the 
organ as a whole, we know absolutely nothing.” The foregoing 
evidence, contributed Bincc he wrote these lines, dearly sug¬ 
gests that the true co-ordinating center is the neural lobe of 
the pituitary body. 

Foster 14 * terms “the machinery of co-ordinated movements” 
structures ‘Hying between the cerebral hemisphere above and 
the top of the spinal coni belowbut as to how “this machinery 
is related to the various elements which go to make up this part 
of the brain” he says “the only answers which we receive are of 
the most imperfect kind.” Physiologists, in fact, have fur¬ 
nished no answer. Experimental evidence, however, has brought 
them to structures immediately overlying the pituitary body 
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and connected with it, but structures presenting no organisation 
capable, alter removal of the brain, of accounting for the con¬ 
tinuation of all somatic functions. We have seen that Bamon 
y CSajal—though unaware of the functional importance of the 
pituitary body—found that it was connected by afferent and 
efferent, i.e., sensory and motor fibers with the great nucleus 
situated immediately above this organ, which nucleus, as pre¬ 
viously shown, is itself connected by nerve-paths with “the top 
of the spinal cord below.” The neural lobe of the pituitary 
thus asserts itself as the chief center of the “machinery of co¬ 
ordinated movements,” as well as the seat of common sensi¬ 
bility. 

The vast scope of these functions is summarized in the fol¬ 
lowing postulates: (1) the cortex is not the only organ through 
which cutaneous and internal sensations are directly per¬ 
ceived; (2) these sensations, which include pain, hrat, cold, pres¬ 
sure (constituting touch), hunger, thirst and the muscle and 
spatial senses, are perceived by ami through the. neural or poster¬ 
ior lobe of the pituitary body; (3) this organ also receives all 
sensory impulses which reflexly incite and sustain the secretory 
activity of all glands ( gastric . intestinal, jtancreatie, salivary, 
lachrymal, lacteal, etc.), ami the contraction of all muscles, 
striped and unsiriped, peripheral or internal (including those 
of the vessels and heart, the stomach, intestines, bladder, etc .); 
(4) the processes thus governed by the posterior jnluitary body, 
are not mere reflex phenomena such as those elicited from sub¬ 
sidiary nerve-centers, e.g., those in the medulla oblongata and 
spinal cord; they include all functions which require conscious 
and to a certain extent intelligent co-ordination. 

This involves the conclusion that the neural lobe of the 
pituitary is the general center of all the cranial nerves con¬ 
cerned with common sensation and motion, besides the sympa¬ 
thetic center studied in the preceding section, with which the 
cranial centers are in close functional association, bh will be 
shown. 

The manner in which these nerves carry on their functions 
in the peripheral organs, and their functional relations with 
the sympathetic terminals will be studied in the eighteenth and 
twentieth chapters. 
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THE PITUITARY BODY AS THE GOVERNING CENTER OF 
THE ADRENALS, AND AS THE THERMOGENIC AND 
RESPIRATORY CENTER. 

In the first volume, I pointed out that the pituitary body 
contained the adrenal center. The importance of this con¬ 
clusion is apparent in view of the fact that the adrenals are the 
source of the secretion which, in the lungs, becomes adrenoxi- 
dase. This is further emphasized by the relationship of the 
pituitaiy body, as heat center, with the function of oxygena¬ 
tion. We saw in the preceding section, that the supposed heat 
‘‘centers” found by Ott and others in the floor of the third 
ventricle were in reality not centers, and that the effects pro¬ 
duced were duo to irritation of the nerve-paths from the pitu¬ 
itary body which reached the spinal cord by way of the basal 
tissues. 

In the preceding section, it was shown also that the sen¬ 
sory and motor nerves to and from the pituitary body were 
connected with the mass of gray matter overlying the infundi¬ 
bular opening in the floor of the third ventricle, the giant-celled 
supra-infundibular nucleus, and that the sympathetic nerve- 
paths took this route. A suggestive feature asserts itself in 
this connection: While these motor paths (which, aB shown by 
the researches of comparative anatomists, especially Edinger, 
are probably present in all vertebrates) correspond clearly with 
those observed histologically by Bamon y Cajal, the fibers which 
Qentds traced from the neural or posterior lobe of the pituitary 
to the tuber cinereum in the floor of the third ventricle, and 
which Andriezen traced directly from the pituitary to the neigh¬ 
borhood of the pons, were not involved in these functions, and 
have remained, as it were, without occupation. Now, the fibers 
traced by Gentds are precisely those derived indirectly from the 
sensitive cells (similar to those of the olfactory area) which this 
investigator found in the partition between the two lobes of the 
pituitary, and which area I assimilate to the test-organ of mol- 
lusks, the lower chordata, etc. 

That the fibers from the test-organ form part of the nerve- 
chain which terminates in the adrenals, is suggested also by the 
ihet that it is also a mong its fibers in the tuber cinereum that 
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pmoctom—from below bj way of the mouth u well as from 
above—were found by Ott, and others after him, to cause a 
marked rise of temperature. With the adrenals as the source 
of the secretion which, converted into adrcnoxidasc, supplies 
the entire organism with oxygen, and a direct nerve-path from 
the "test-organ” of the pituitary, by way of the floor of the 
third ventricle and the cord, to the adrenals, we have a self- 
evident mechanism to explain an obscure function, i.e., the 
manner in which the temperature is raised. 

Another important function is linked intimately with this 
mechanism, vix., that of respiratory centur. Houry,*** quoting 
Ott, states that "the gray substance of the anterior portion of 
the floor of the third ventricle” (immediately above the pituitary 
body) is "identical with the thermo-polypnieic center” and that 
"removal of this center diminishes the number of respiratory 
movements.” Ott therefore regards the tuber cincreuin as a 
“center of polypnoea and thermotasis” In view of the fore¬ 
going facts, this points not only to the "test-organs” as the 
thermogenic or "heat” center, but aim as the polypnaic or 
respiratory center, and, moreover, to the tuber cinercutn ns the 
bed for the nerve-paths from these centers to the pons and 
medulla. This adds testimony as to the functional connection 
between the pituitary body and the adrenals, since it is the 
secretion of the latter which, as adrcnoxidasc, supplies oxygen 
to the entire organism. 

The rflle of the respiratory center involves, however, a con¬ 
comitant influence upon the large array of inspiratory and ex¬ 
piratory muscles (chest, diaphragm, abdomen, etc.) which carry 
on their functions rhythmically without voluntary control. We 
have seen in the preceding section that the posterior lobe of the 
pituitary, in which the thermogenic fibers arise, is also the ori¬ 
gin of the nerve-chains that govern muscular activity. In most 
text-books the respiratory center is said to be located in tho 
medulla near the vasomotor center. As Howell 14 * says, how¬ 
ever, "the region has been delimited by vivisection experiments 
only” and "no especial group of cells can be found in this re¬ 
gion sufficiently separated anatomically to make it probable 
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that they constitute the center in question.” This cannot be 
said of the posterior pituitary body. Not only does it present 
all the attributes of a highly differentiated co-ordinating organ, 
such as the presence of various centers closely connected func¬ 
tionally requires, but its removal (with the anterior lobe) is 
followed, as we have seen, by marked muscular relaxation, dysp¬ 
noea and hypothermia. 

The adrenals thus represent the normal terminal of a 
nerve-chain which begins in the “test-organ,” passes thence 
by way of the neural lobe of the pituitary to the tuber cinereum 
and then to the ponto-medullar region. Here, a continuation 
of this path is evidently present, for Reichert 14 * refers'to a 
“pontobulbar ihermoaugmentor center,” the presence of which 
in this location he determined experimentally. What is the 
course of the adrenal nerve-path from this region to the 
adrenals ? 

Golts and Ewald 14 * have shown that an animal from which 
the entire spinal cord below the bulb had been removed—thus 
leaving intact all the cranial nerves and the basal structures, 
including the pituitary body—could live several years. Soon 
after the operation the vessels recover their tonicity and the 
circulation becomes practically normal. Yet there occurs a 
curious phenomenon which continues several weeks: the ani¬ 
mal is in constant danger of death from cold unless it be kept 
in a superheated medium. Goltx emphasized another striking 
feature, i.e., the occurrence of marked trophic bilateral lesions 
of the Bkin when, in gradually shortening the cord from below, 
in successive operations, he reached the upper dorsal vertebra. 
These two features suggest that the upper part of the cord is 
of great functional importance in thermogenesis and nutrition. 
Claude Bernard 147 had shown many years before that transec¬ 
tion of the cord in the upper dorsal region could bring the 
rectal temperature down 16° C. (88.8° F.) in five hours. In¬ 
deed, PochOy 14 * found that a section in this region brought 
the rectal temperature down over 88° C. (41.6° F.) in twenty- 
four hours in guinea-pigs and that it continued to decline until 
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death ensued. It is evident, therefore, that division of the 
upper dorsal cord seriously invalidates the thermogenic appara¬ 
tus. 

The truth of this is emphasized by the fact that transec¬ 
tion of the cord lower down causes only temporary torpor of 
the automatic functions. “If we wait for a time,” says Stew¬ 
art,* 4 * “we shall find that this torpor of the lower dorml anil 
lumbar cord is far from giving a true picture of its normal 
state; that, cut off as it is from the influence of the brain, it is 
still endowed with marvelous powers. If we wait long enough, 
we shall see that, although voluntary motion never returns, re¬ 
flex movements of the hind-limbs, complex and 'co-ordinated to 
a high degree, are readily induced. Vasomotor tone conies 
back. The functions of defecation and micturition are nor¬ 
mally performed.” As I will show below, this is due to the 
fact that the nerves to the adrenals are not included in thu por¬ 
tion of the cord separated from the centers. The subsidiary 
vasomotor centers in the lower or hojmi rated segment of the 
cord being nourished and oxygenized as usual after the shock 
of the operation has passed and when a collateral circulation 
is reestablished, the vasomotor functions are resumed. This 
explains also why the process of repair proceeds unfailingly, 
whereas section in the upper portion of the cord, unless great 
precautions are taken, follows a lethal course. 

Ott* M states that “destruction of the spinal cord from the 
fifth dorsal vertebra down permits the animal to generate as 
much heat as before the operation.” This harmonizes with my 
own conception of the process: Inflow this level, the only morbid 
phenomenon connected with the circulation which can be caused 
is vasodilatation; hence the comparatively lien ign results. Above 
it, however, the transection involves not only the vasomotor 
supply, but, also, the “thermogenic” nerves, «.«., those to the 
adrenals. It follows that these nerves constitute an autonomous 
path, one totally independent of the vasomotor path. Now this 
has repeatedly misled physiologists. Overlooking the present* 
of this independent thermogenic nerve, they have ascribed to 
vasomotor influence, vasoconstrictor phenomena that were due 
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to stimulation of the adrenals, the secretion of which, as is well 
known, causes a rise of the blood-pressure. “Hardly any other 
agent will produce such an enormous increase of pressure,** 
writes Schafer,' 11 referring to injections of adrenal extract 
after division of the vagi, “except direct stimulation of the 
vasomotor center.’' 

moreover a dual effrrl is produced when this part of tliu 
jiaill or its brunches are stimulated which docs not occur when 
the inllueiiee of the adrenals is removed. Thus, Fran^ois- 
Franck uud Ilullion 15 * have shown that the vasomotor nerves o[ 
the liver leave the spinal cord by the rami below the fifth, i.r„ 
the sixth down to the second lumbar. These limits have been 
confirmed by Langley. 153 The former physiologists remark, 
however, that “centrifugal excitation of the vertebral nerve 
(composed of four or five of the lower cervical nerves) after 
section of the uppur rami communicuntes (Tram the first to the 
fifth) no lontjer produces hepatic vasoconstriction”—a state¬ 
ment which implies that stimulation of the vertebral nerve does 
produce hcputic vasoconstriction. The manner in which this 
effect is brought about, Franyois-Frsnck and ilullion were un¬ 
able to explain, however; they ascribed them therefore, to “reflex 
action" or to some unexplained “indireel influence This in¬ 
fluence. interpreted from my standpoint, is that of the adrcnuls. 

The mode of action of the adrenal secretion, in the light 
of the facts submitted in the first chapter, is, of course, indirect, 
in the sense that it is first of all converted into adrenoxidasc. 
This latter substance l>eing the activating agent in all meta¬ 
bolic processes, an excess in the blood enhances its oxygenizing 
power in proportion. When such blood is supplied to the ar¬ 
teries and veins by their vosa vasorum, their muscular elements 
are abnormally stimulated and contract, reducing the caliber of 
the vessels. 

The thermogenic fibers proceeding no further down the 
cord, ns shown by Ott's experiment, than the fifth gorsal ver¬ 
tebra, this “unexplained indirect influence,'’ i.e., overactivity of 
the adrenals, should occur when the upper five dorsal nerves 
(which pass to the sympathetic cord of ganglia) are stimulated. 
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Frangoia-Franch and Hsllion found that stimulation of tlu* 
sympathetic chain where, they state, "it has nut as yet received 
from the spinal cord the lieiiatic vasorunslrietur mini" caused 
“a marked rise of aortic pressure." Kvcn more striking is the 
effect produced when the sympathetic cord hail lieoii isolated In- 
dividing the rami containing the he/mtie vasomotor nerves. This 
caused, os Btated by these physiologists and as shown by their 
tracings, “the maximum vasomotor effert ." Obviously, the up|H*r 
portion of the sympathetic chain was cii|mhlc of causing, irre¬ 
spective of any vasomotor intluciicc. a very marked increase of 
vascular tension in the liver—an effect due to the general rise 
of blood-pressure caused in the exccssi\e adrenal secretion, i.r., 
adrenoxidase, produced. 

What is the identity of the nerves which, out of the live 
upper dorsal nerves, produce this effect by transmitting centric 
impulses to the adrenals? 

These impulses doubtless pass to the syni]Nithetic ehaiii 
through more than one ramus. Thus, Francois-Franck and Hel¬ 
lion state: “Division of the upper root was followed by marked 
reduction of the vasoconstrictor clhvt," hut they do not refer 
to the specific influence of the four remaining rami. Fortun¬ 
ately, however, this gap is filled by the experiments of Hied! to 
which reference was made in u previous chapter." 14 

We h&ve seen that it wus on stimulating tlu 1 peripheral 
end of the cut splanchnic that he increased the secretory ac¬ 
tivity of the adrenals, a result confirmed by Drey or. Hied! 
thus showed that the splanchnic contained the secretory nerv«*s 
of the adrenals. In order to ascertain, if possible, whether 
these organs contained vasomotor nerves also, he exposed and 
divided all the spinal roots from the third thoracic to the third 
lumbar, and stimulated both their anterior and posterior seg¬ 
ments “with a strong induction current.” Not only did he nol 
observe vasoconstrictor effects, in the adrenals, but he failed 
to obtain any evidence of overact ivity of these organs, t.e., an 
increased blood-flow through them. This experiment—-which 
Biedl repeated three times, always with the same result—in¬ 
dicates that the secretory nerves to the adrenals do not origin¬ 
ate in the spinal cord up to the third thoracic. 
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This gives us the identity of the path to the adrenals. In¬ 
asmuch as Frangois-Franck and Hallion markedly reduced the 
“maximum vasomotor effects” (so-called) observed by them, by 
dividing the fimt thoracic ramus, a part of these effects remains 
unaccounted for. This is supplied by Biedl’s experiment since 
it left, as the only ramus to supply this want, the second. This 
points to the first and second dorsal rami as the paths of the 
thermogenic fibem to the sympathetic chain and thence to the 
greater splanchnic. 

Additional experiments suggest, however, that the third 
thoracic ramus likewise contains fibers to the adrenals and that 
Biedl did not detect them because impulses through a single 
bundle were inadequate to satisfy the needs iff a process carried 
on normally through three sets. Thus precisely as Frangois- 
Franck and Hallion obtained hepatic (so-called) “vasomotor*’ 
effects by stimulating the sympathetic chain above the course 
of the liver’s true vasomotor nerves, so have Bulgak, Schafer 
and Moore and Bunch obtained “vasomotor” effects in various 
organs from the third thoracic nerve, among others, though 
their normal vasomotor paths are lower down. Bunch, 1 " for 
example, had established the limits of the innervation of the 
small intestine from the sixth thoracic and fifth lumbar, in¬ 
clusive. Later, however,” 6 he likewise obtained "vasomotor” 
effects in the small intestine by stimulating the upper thoracic 
nerves from the second down. Langley, 167 referring to these 
results, expresses his belief that the origin of these nerves is less 
extensive and that the uppermost nerve to send fibers to the solar 
ganglia is the fourth or fifth thoracic. Yet, we cannot doubt 
that the above-named physiologists, including Bunch, obtained 
“vasomotor” effects by stimulating nerves above the fourth 
thoracic: but only through the intermediary of the adrenals. 

. Indeed, a nerve-path is present in the sympathetic chain 
which is distinct from the true vasomotor, and which extends 
to the upper thoracic limit of the sympathetic chain. Quain, 166 
for instance, states that some libers of the splanchnic’s higher 
roots “may be traced upward in the sympathetic cord as far as 
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tlifl first and second thoracic ganglia. Gray 18 * gives the nmo 
limi t s . Cruveilhier 1 *® says tliat these filaments “are merely in 
contact with the sympathetic.” 

Proof that the adrenal secretion can produce vasomotor 
effects may also be furnished by showing that in the parts in¬ 
fluenced, the small intestine, for instance, there are, ns in the 
case of the liver, two distinct forms of vasoconstriction, one 
due to vasomotor nerves and the other to the local action of 
adrenoxidase, and that when one is removed the other persists. 
Intestinal inhibition affords evidence of this dual action. We 
have seen that “inhibition” is merely excessive vasoconstriction. 
Now, Schiff, Ludwig and Kupffer, Bcchturew and Mislawsky 
(Starling 1 * 1 ) have observed both a motor effect (increased peri- 
stalis) sometimes, and inhibition at others. Bunch has also 
shown that stimulation of the splanchnic could cause increased 
intestinal activity and at other times inhibition. “Jacobi,” says 
Starling, in a review of the subject, “states that the in¬ 
testinal inhibitory fibers of the splanchnies take a different 
course from the vasomotor fibers, and that section of the nerves 
running from the suprarenale to the solar plexus annuls the in¬ 
hibitory action of the splanchnies u'ithout affecting their vaso¬ 
constrictor effect .” Suppression of the adrenal influence in this 
experiment obviously' prevented excessive vasoconstriction. 

It is evident, therefore, that the first, second and third 
thoracic nerves—the three above the uppermost limit set by 
Langley for sympathetic vasomotor fibers which run to the so¬ 
lar plexus—constitute a separate path, the secretory nerves to 
the adrenals. 

Having attributed to the pituitary the rflle of “heat” cen¬ 
ter, owing to a nervous connection with the adrenals, mid the 
presence of such a connection having now been shown to exist, 
the adrenal secretion should be capable of raising the tempera¬ 
ture when in excess (aa adrenoxidase) in the blood. This is 
a recognized effect of adrenal extractives. Thus Oliver and 
Schifer 1 ** observed under its effects “slight transitory disturb¬ 
ance of the rate of the heart beats, of the respiration, and of the 
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body temperature.'* Pellacani, 16 * Foft 164 and other physiologists 
have likewise observed, besides the characteristic effects, a rise 
of temperature. E. T. Beichert lu noted that among other ef¬ 
fects an intravenous injection of 0.0005 gramme adrenalin 
caused "an increase of general metabolism and body tempera¬ 
ture.” His experiments showed that "the pulse and arterial 
pressure are the first to be affected, then the respiratory move¬ 
ments, and then general metabolism and body temperature.” 
This is a suggestive sequence when we consider that the adrenal 
secretion, after absorbing oxygen in the lungB, becomes, as I 
have shown, the body’s oxygenizing principle. Conversely, we 
have seen that removal of the adrenals, precisely as is the case 
when the pituitary body is destroyed, is followed by a steady 
decline of the temperature until death occurs. 

Finally, blocking of the vessels which carry the adrenal se¬ 
cretion to the inferior vena cava not only causes a marked de¬ 
cline of the blood-pressure by decreasing the activity of the 
metabolic exchanges in the vascular walls, but it arrests also all 
oxidation processes, i.e., life itself. Thus Strchl and Weiss 1 * 6 
found that after removing one adrenal, the blood-pressure could 
lie lowered by clamping the suprarenal vein of the remaining 
organ, thus depriving the blood of any adrenal secretion, and 
that by releasing this vein the blood-pressure was soon re¬ 
stored to its previous level. When the second adrenal was also 
removed, the blood-pressure at once fell 20 to 30 mm. Hg., and 
continued to fall Blowly until death ensued. 

This explains why Gray, 161 alluding to the suprarenal 
plexus, remarks: “The branches of this plexus are remark¬ 
able for their large size in comparison with the size of the 
organ they supply.” The function they govern through the 
adrenals, as I have now shown, is one of the most important of 
the organism. 

That there exists a functional relationship between the 
pituitary and the adrenals is shown also by the pathology and 
symptomatology of various disorders in which the pituitary is 
either implicated or the seat of primary lesions. 
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V 


In. iddwon s disease, the lesion* arc usvvaUy situated in t\\c 
nAxeada ox in the nervous connection* ol theae ot^nn*-, end 
yet the phenomena witnessed are the counterpart, «o to nj. ol 
those that attend destructive disorders of the pituitary. Thus 
■ Schafer 1 ** states that the symptoms that follow removal of the 
pituitary body are “(1) diminution of the body temperature; (2) 
anorexia and lassitude; (3) muscular twitchings and tremors, 
developing later into spasms; (4) dyspnoea’'—the list, we have 
seen, of phenomena that follow removal of the adrenals. Again. 
Harlow Brooks, 16 * referring to the cachectic stage of acrome¬ 
galy, states that “a general brownish pigmentation is present in 
tho average case which at times strongly resembles that found 
in Addison’s disease.” E. Wasdin, 1T0 in a cast; of fracture of the 
maxillary and sphenoid implicating destruction and gangrene 
of the pituitary body, verified after death, observed among 
other symptoms, bronzing of the skin. 

Tho extreme muscular weakness following removal of the 
pituitary to which Schafer refers was also witnessed, ns we 
have seen, by many other physiologists, the; “ataxia living com¬ 
plete” in Masay’s dogs. A similar condition follows the re¬ 
moval of the adrenals. Thus, Brown-Muqunrd culled attention 
to tho “progressive paralysis” which followed this procedure. 
Abclous and Langlois 171 observed tho same effects in frogs, tin* 
paralysis beginning in the lower limbs and spreading anteriorly. 
Boinet 17 * noted the same symptom in fifty-nine rats; the move¬ 
ments became slow, then impossible. Several other investi¬ 
gators have also referred to this symptom. 

Tracing the pathological changes found in this disease out¬ 
side of the adrenals, the semilunar ganglia are the first to 
appear. These structures, as is well known, are often found 
congested, caseous, sclerosed, etc. .Now, removal of these 
ganglia, as stated by Bolleston, 17 * is followed by “rapid emaci¬ 
ation, asthenia, low temperature, diminution of the amount of 
urea in the urine.” These are all subjective symptoms of Ad¬ 
dison’s disease; while the reduced urea output points to reduced 
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metabolism, i.e., lowered oxygenation. The path thence to the 
cord, the splanchnic nerves, may be found to contain degener¬ 
ated fibers. Jiiigens m even goes so far 'as to state that gray 
degeneration is always present in the splanchnic in true cases 
of Addison’s disease. What he found was doubtless broken-down 
chromaffincells, first described by Henle in 1865, as constituents 
of the adrenals, but which subsequent observers found also in the 
ganglia adjoining the adrenals in birds (Babl), 1TB in the splanch¬ 
nic nerves of amphibia and reptiles (Zellnester), 1 " in the gang¬ 
lia of the sympathetic chain (Kose), m and which, as shown re¬ 
cently by Wiesel,”* are destroyed in Addison’s disease. Tiz- 
soni, IT * Kalendero and Babds, 1 " 0 and many others have found 
spinal lesions, a fact confirmed experimentally by Alesais and 
Amaud, 1 * 1 who found ascending degeneration of the lateral 
columns of the cord in animals that had survived sufficiently 
long removal of the adrenals. Even the pituitary body may 
show lesions. Thus Pansini and Benenati, iu in a typical case 
of Addison’s disease in which the whole cutaneous surface was 
a deep bronze color, found both adrenals in a state of caseous 
degeneration and the pituitary body markedly enlarged. This 
hypertrophy, verified microscopically, is readily accounted for 
when the organ is considered as the governing center of the 
adrenals: it was the result of overactivity, having for its pur¬ 
pose to enhance the secretory activity of what remained of the 
diseased adrenals, in order to sustain as long as possible the 
oxidation processes of the organism at large. 

Briefly, removal of the pituitary body not only produces 
symptoms similar to those that attend Addison’s disease or fo’- 
low removal of the adrenals, but when ascending degeneration 
occurs in Addison’s disease, it proceeds along the nerve-paths 
that .unite the adrenals to the pituitary body. 

Acromegaly is another disease which emphasizes the func- 
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tional relationship between the pituitary body and the adren¬ 
als. It is especially interesting in this connection because its 
initial lesion occurs in the anterior lobe, that to which the test- 
organ (though forming part of the partition) really belongs. 
Thus, while Massolongo 144 ascribed acromegaly to hyperactivity 
of this organ, Tamburini 144 identified as cases of true acrome¬ 
galy only those characterized by hypertrophy and over-activity 
of the anterior lobe. This was confirmed by Harlow Brooks 1 " 4 
in a study limited to cases in which the pituitary had boon 
examined microscopically, who found in every instance re¬ 
ported, save one, that the enlargement of the organ had been 
confined to the anterior lobe. 

With the test-organ of this lobe directly connected by 
nerve-paths with the adrenals, and the latter as the source of 
the secretion which becomes adrenoxidasc and sustains tissue 
metabolism, and therefore nutrition, we have a normal ex¬ 
planation of the underlying cause of the disease, t.e., hypernu¬ 
trition. This feature—though unexplained so far—has in fact 
formed the basis of most theories os to the pathogenesis of the 
disease. Dallemagnc, 1 " 4 for instance, ascribes it to the presence 
of trophic centers in various parts of the nervous system. Von 
Recklinghausen 1 " 7 considered acromegaly as a trophic neurosis 
dependent upon auto-intoxication. Mnss6 looked upon the dis¬ 
ease as a trophic neurosis of vasomotor origin. Klcbs 1 " 4 as¬ 
cribed it to over-development of the vascular system combined 
with thymic hyperactivity, etc. The effects of overnutrition 
are shown with especial clearness in the acromegalic, giants, 
in which the overgrowth is widespread instead of lieing re¬ 
stricted to the bones. 

The familiar vascular lesions of the disease also indicate 
that overactivity of the adrenals—due to morbid stimulation 
by the test-organ—is a prominent feature of the disease. In 
a case reported by Ilarlow Brooks, 140 the posterior pituitary was 
found normal on microscopical examination. Its connection 
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with the infundibulum was normal, “though the remainder of 
the pituitary body/* asys the author, was “made of the enlarged 
anterior lobe.” It proved to be a case in which the test organ 
lobe was alone diseased. Now, the vascular lesions were 
also typical of acromegaly. Examined histologically, the small 
arteries showed hyperplasia, proliferation of the endothelial 
cells of the intima, etc.,—all signs of active engorgement—and' 
the large ones fibrous thickening. With overactivity of the 
test-organ as the source of correspondingly energetic Btimuli 
to the .adrenals, this morbid process is clearly explained: an 
excessive amount of adrenal secretion, i.e., adienoxidase, is con¬ 
tinuously present in the blood, and the vascular walls, receiving 
such blood through their vaea vasorum, are the seat of hyper¬ 
plasia, proliferation, etc. in the larger vessels this morbid 
process, owing to the greater blood-supply, is pushed beyond 
this stage, i.e., to that of fibrosis. The enlargement of the ex¬ 
tremities, bones and soft tissues, including the proliferation of 
capillaries, and the hypertrophy of the muscles during the 
erethic stage, are normal sequences of such a process, the capil¬ 
lary system being not only constantly gorged with blood, owing 
to the state of contraction to which both the arteries and veins 
are submitted, but with blood whose oxygenizing properties 
exceed the normal. The general symptoms of Brooks's case 
plainly indicate excessive peripheral hypeneiuia, viz., hypenes- 
tliesia, “hot-flesh,” as expressed by the patient, polyuria, etc. 
Glycosuria was likewise present, a symptom dearly traceable, as 
shown below, to overactivity of the adrenal center—the test-organ 
of the anterior pituitary. 

Dystrophia atlii/osogenitalis .—It has been generally believed 
that this disease, particularly since the experimental and surgical 
observation of Biedl, ,00 “ Paulesco, 10Ob and Cushing, 10 ® 0 that tliis 
disease was caused by lesions of the anterior lobe, but . Cushing 
and Fisher, 100 * have also attributed it to lesions of the posterior 
lobe. Blair Bell, 100 * referring to these authors, states that the 
only way in which he was able to produce the disease experi¬ 
mentally was by separating or clamping the stalk which connects 
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the pituitary with the bum; of the brain, the infundibulum. 
Now, we hare seen that all nerves passed upward from the 
neural or posterior lobe. Destruction or clamping of these 
nerves by arresting its impulses to the tlivroid and adrenals, in 
particular, produced insufficiency of these organs, from my 
viewpoint, and the characteristic symptoms of these combined 
disorders. 

Glycosuria, we hove just seen, was present in Brooks's cast', 
in which the anterior lobe, the sent of the test-organ, was alone 
diseased. M. Ixieb ,BI pointed out in 1SS1 that glycosuria wa¬ 
tt frequent accompaniment of tumors of the pituitary Imdy. A 
more recent study of the literature of acromegaly led him to 
conclude that the association of this di-ease with glycosuria 
could not be accidental. He found, moreover, that glycosuria 
did not occur during the post-operative life of animals from 
which the pituitary body had been removed, n fact which indi¬ 
cates that it is due to over-activity of the organ and not to in¬ 
sufficiency. Marie olieerved it in one-half of the cases he ex¬ 
amined. Guy Hinsdale 1 ” states that the urine often contains 
sugar and refers to fourteen authors who had observed the 
symptom. In sixteen coses of dialietie acromegaly the records 
of which were studied by Launois and liny*” a tumor of the 
pituitary was always found. In every instance the presence 
of the pituitnry neoplasm bad been confirmed post-mortem. 
Schlesinger 1B4 also emphasised the frequent coincidence of 
acromegaly and dinlietes, having observed the latter in three 
consecutive cases of his own. 

As a result of these observations, investigators have lieen 
driven to the conclusion that a “diabetic center" must exist in 
the neighborhood of the pituitnry. “The theory of Jjoeb,” write 
Launois and Rov, 1 ” in this connection, that of "compression 
by the pituitary tumor upon adjoining parts, seems in uccord 
with clinical observations (Finzi, Xtrumpell), and with an ex¬ 
perimental fact recorded by Caselli. 1 ” A glycogenic center is 
supposed to exist, apparently in the region of the tuhnr cin- 
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ereum, which is abundantly supplied with highly organised nerv¬ 
ous elements (Caselli).” The cause of the glycosuria is self- 
evident in view of the fact that the path from the test-organ to 
the adrenals lies in the tuber cinereum: Caselli’s experimental 
excitation of this structure, therefore, provoked glycosuria be¬ 
cause it stimulated the adrenals. 

A similar procedure in the course of the pituitero-adrenal 
path in the medulla likewise causes glycosuria. Claude Ber¬ 
nard’s puncture is a familiar proof of the fact. "Bernard,” 
says Schafer, 107 discovered "that certain lcBions of the central 
nervous system, and especially a puncture in the region of the 
floor of the fourth ventricle, which corresponds, as we now know, 
very nearly to the position of the vasomotor center, produces a 
condition of glycosuria.” The glycogenic impulses evidently 
pass downward, for as shown by Chauveau and Kaufmann, 108 
division of the spinal cord in the cervical and upper dorsal re¬ 
gions prevents the diabetes caused by removal of the pancreas. 
The same procedure had already been found by Bernard' to 
cause hypoglycemia. These are all normal results in view of 
the fact that, as 1 pointed out in the preceding chapter, the 
nerves to the adrenals pass down the cord, leave the latter in the 
three upper dorsal nerves to enter the sympathetic chain, and 
then the splanchnic. (Ree Frontispiece, Vol. I.) Such being the 
case, however, division of the splanchnic should likewise arrest 
glycosuria. LandoiB 100 says in this connection: "It is a remark- 
rblc fact that glycosuria, when present, can be removed by divi¬ 
sion of the splanchnic nerves.” Sven the glycosuria caused by 
Claude Bernard’s puncture can be arrested by this procedure, an 
observation confirmed by Eckhard, Kaufmann 900 and others. 

Finally, as is now well known, the adrenal extract, as shown 
by Blum, 901 Croftan, 909 Metayer, 908 Herter, 904 and others, 
causes glycosuria when injected subcutaneously, endovenously, 
or into the peritoneal cavity. Herter 900 found also that intra¬ 
venous injections of adrenalin were followed by a large excre- 
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tion of sugar and that “a rise of blood-pressure is an .accom¬ 
paniment of glycosuria”—the former phenomenon being, as is 
well known, a characteristic effect of adrenal extract. The 
adrenal secretion proper is doubtless able to produce a similar 
effect, for Herter and Wakeman 100 ascertained experimentally 
that compression of the adrenal glands [thus increasing the 
secretion] is followed by glycosuria; while their exclusion, by 
extirpation or ligation of their vessels, is followed by a con¬ 
siderable fall of the sugar-content of the blood.” Kauf¬ 
man 10 * found, moreover, that ligation of the inferior .vena 
eava caused a rapid diminution of sugar lioth in normal glyca*- 
mia and in glycosuria. We have seen that it is in the blond 
of this great vessel that the adrenals secrete their product. 

This evidence, in the light of the facts previously sub¬ 
mitted, speaks for itself: Acromegaly gives rise to glycosuria 
because the diseased organ, the nnterior pituitary, stimulates 
excessively the adrenals, the secretion of which has lieen shown 
experimentally to cause glycosuria. This uffords additional 
proof to the effect that the adrenals are governed by the an¬ 
terior lobe of the pituitary body through the intermediary of a 
direct nerve-path. 

On the whole, the evidence presented in the present sec¬ 
tion appears to me to warrant the following postulates:— 

1. The thermogenic (or heat) renter and the respiratory (or 
golypnaic) center are not, as believed by some observers, located 
in the tuber dnereum, the bulb, or the spinal cord, the thermo¬ 
genic areas in these regions being but subsidiary centers—if any¬ 
thing but thermogenic nerve-paths—of which the bulbar are the 
most important. 

2. The thermogenic center is located in the partition be¬ 
tween the two lobes of the pituitary body, and in mammals is 
the highly developed homologue of the test-organ or osphradium 
of lower forms. As such it is the governing center of the adren¬ 
als, its nerve-path to these organs being as follows: from the test- 
organ to the posterior lobe of the pituitary and thence upward 
to the tuber dnereum; along this structure to the pons and bulb, 
and down the spinal cord to the first, second and third dorsal 
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nerve*; thence to the sympathetic chain; down thi* chain to the 
greater splanchnic nerves w which it reaches the suprarenal 
plexus and through it the adrenals, 

9. The respiratory center is located in the posteriory new 
ral lobe of the pituitary body and represents therein the aggre¬ 
gate of nuclei which are themselves the chief centers of all the 
cranial nerves that govern the respiratory muscles. 

. 4. The nerve-chains from the respiratory center pass up¬ 
ward to the supra-infundibular nucleus, and thence posteriorly 
to the bulb, where they become merged with the ( subsidiary ) 
centers of the various cranial nerves which govern the functions 
of the respiratory muscles. 

Jacques Loeb's prediction that "through the oxidases one 
may In time be able to control life as the artist governs the keys 
of the piano,” and his belief that "not merely the normal course 
of life, but also that vast gamut of diseases characterised by 
metabolic derangements, might be controlled if we only knew 
how to favor or retard the action of the oxidases,” are afforded 
a foundation in the views submitted in the present and fore¬ 
going chapters. Selecting only out of the various functions I 
have pointed out those that bear directly upon this feature of the 
general problem, this foundation may be said to consist of the 
following facts: 

1. Adrenoxidasc is an aggregate of the body’s oxidases, and 
the dynamic principle in metabolism and therefore of the vital 
process. It follows, therefore, that adrenoxidnse (the oxidases) 
is the agent through which life may be controlled. 

2. Adrenoxidasc is the oxygen-laden secretion of the adren¬ 
als, while these organs are, in turn, governed through a nerve- 
path whose center is located in the pituitary body. Hence, it is 
the center of the adrenals in the pituitary body which, through 
the adrenals and their adrenoxidase-forming secretion, controls 
life. 

3. The adrenal center is primarily a sensory organ the 
homologue of the "test-organ” which in the -lower chordata 
serves tri test the “respiratory fluid” and thereby to protect these 
animals "against the intrusion of noxious substances.” As in the 
higher chordata, including man, the "respiratory fluid” is the 
-blood, it follows that the adrenal center is an organ having for 
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its purpose to teat the blood and protect it against the intrusion 
of noxious substance*. 

4. Adrenoxidase embodying, as it does, the ferment of fer¬ 
ments, it is the dynamic principle of tissue metabolism. The 
pr o portion of adrenoxidase in the blood being governed by the 
adrenal center, it follows that noxious substance* introduced into 
the blood can, by provoking a reaction of the adrenal center, en¬ 
hance the activity of metabolic processes. 

5. While the adrenal center is the thermogenic or heat cen¬ 
ter, adrenoxidase, as the dynamic principle of metabolism, sup¬ 
plies the oxygen which, by combining with the phosphorus of nu¬ 
cleins, liberates the bulk of the body's heat energy. Fever being 
the expression of an excess of heat energy thus produced, the 
atfrenel center is also the governing center of the febrile pro¬ 
cess. It follows that inasmuch as ire ran therapeutically increase 
or abate fever, we can also control tissue metabolism and its 
derangements and defend the body against disease. 

Concluding Remarks. —The more recent literature has 
contributed experimental data which further sustain all the 
foregoing conclusions. 

Keeton and Becht 10 * having caused hyperglycemia in dogs 
by stimulating the pituitary found that it ceased when the spinal 
cord was transected at the level of the second thoracic vertebra 
imil after section of the splanchnics. The hyperglycemia per¬ 
sisted, however, after section of the nerves in the hepatic pedicle 
where the nerve supply to the adrenals is not interfered with. 
The authors, therefore, conclude that the phenomenon » due 
to the presence of a nervous pathway through the splanchnic 
nerves to tiieir terminations in the adrenals. 

A gain , L6pine*°* found that polyuria or diabetes insipidus 
could be caused by severing the splanchnic nerves which con¬ 
tain the secretory fibers to the adrenals. Now, Camus and 
Roussy* 10 referring to the same disorder, write as follows: “The 
important fact ia that a superficial lesion of the base of the brain, 
often involving only the surface and produced involuntarily in 
the removal of the pituitary body, is followed by polyuria. In 
it. seems that the opto-peduncular region alone 
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marks the zone within which a lesion is followed by polyuria. 
It lies at the level of the gray substance of the tuber cinereum 
in the vicinity of the infundibulum.** We have seen that it is 
precisely through the infundibulum and the tuber cinereum that 
I traced the fibers from the pituitary to the adrenals. In the 
experiments mentioned, the lesions deep or slight caused a local 
inflammatory process which prevented the passage of impulses 
from the pituitary to the adrenals, causing polyuria as had 
Lgpine when he severed the splanchnics. 

Finally Newmark* 11 reported the case of a boy of fourteen 
years in which diattetes insipidus had existed five years. At the 
autopsy there was found among other lesions destruction of the 
posterior or nervous lobe of tho pituitary and nearly all the 
pars intermedia to which lesion the author attributes the dia¬ 
betes insipidus. Obviously here, in the light o£ my foregoing 
statement, the polyuria was also due to arrest of the pituitary 
impulses to the adrenals. 

The autopsy confirmed another important fact. We have seen 
that an olfactory area-like membrane, through nerve paths in the 
tuber cinereum, bulb, coni, etc., excites abnormally the thyroid, 
adrenals, and pancreas and indirectly the phagocytogenic organs, 
and causes the production of an autoantitoxin calculated to break 
down poisons. Now, in Newmark’s case, the pars intermedia, 
which contains this test- or immune- membrane was nearly all 
destroyed. The Iwv could not only drink wine in large quantities 
and several quarts of beer—a greed for fluids accounted for by 
his diabetes insipidus—without showing the slightest degree of 
intoxication, but whiskey likewise. The wine and beer might 
lie excluded owing to their small content in alcohol—about 5 
to 18 per cent, by volume on an average—but the whiskey 
which contains from 45 to 55 per cent. *as a rale was certainly 
an intoxicant. Why should the child have shown no intoxica¬ 
tion? Merely because being deprived of his test-organ his ad¬ 
renals failed to be stimulated and to increase the oxygenation of 
the blood which under normal conditions would have caused the 
alcohol to be actively oxidized—the underlying cause of “in¬ 
toxication** as will be shown in the Section on Alcohol (p. 1388). 
Such cases are rare, but the few available have emphasised the 
importance of the test-organ in immunity and therapeutics. 
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THE LEUCOCYTES, PITUITARY, THYROID, PARA¬ 
THYROIDS, AND ADRENALS, AS THE FUNDA¬ 
MENTAL ORGANS IN PATHOGENESIS, IMMU¬ 
NITY AND THERAPEUTICS. 

THE LEUCOCYTES AS THE DISTRIBUTORS OF REMEDIES 

AND POISONS. 

We have now seen in the foregoing pagee that considerable 
evidence sustain* my view that the pituitary l>ody aa central 
sympathetic ganglion governs* the Inxly’s auto-protective or im¬ 
munising mechanism, and that by means of our remedies its 
functional activity could be enhanced at will, and thus caused 
to activate the antitoxic properties of the blood. An eminent 
French' clinician, Hayem,* once remarked: "Therapeutic 
weapons are wanted which will reinforce the defensive jmwer of 
the organism by increasing the functional activity of the leu¬ 
cocytes or by developing chemical antidotes”—the trend of our 
day being in harmony with Hippocrates's belief in the «w 
medicatrix natune. That this is precisely the underlying 
thought of my own doctrine is self-evident; but it does what no 
other doctrine has done: it points to the identity of Nature's 
mechanism and to the means she adopts to attain her object. 

We have reviewed the main features of tiiis mechanism. 
We have seen that the pituitary contains a test-organ related 
by nerve-patliB with the adrenals, which in turn govern, through 
their secretion, the activity of all metabolic processes in the 
blood as well as in ‘the tissues. As the thermogenic center, 
this test-organ also presides over the febrile process—which is 
but an exacerbation of catabolic activity, raising it when need 
be—to destroy, not only tissue-wastes, but all toxic substances 
which adventitiously gain access to the blood-stream. The 
process through which the protective activity of the test-organ 
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ii awakened suggests itself as the next question in point, but 
before it can be taken up an important feature must receive 
attention, vis., the manner in which the substances which pro¬ 
voke this Reaction enter the blood and reach the tissues. As 
drugs and poisons are identical as far as the test-organ is con¬ 
cerned—both being noxious agents—the absorption and dis¬ 
tribution of drugB will serve to illustrate the same processes in 
the case of poisons. 

We have seen that leucocytes take up food-products from 
the intestine to convert them into granulations which they 
carry to all tissues and deposit therein. 1 showed furthermore, 
in the fifteenth chapter, that these granulations not only pene¬ 
trate all cells, but that they become part of their structure. 
That ingested drugs or poisons should also be taken up from 
the intestinal canal by leucocytes and distributed to the various 
tissues is shown by the fact that MacCallum traced leucocytes 
which had englobed albuminate of iron in the intestine to the 
spleen, liver, etc., an experiment repeated successfully by other 
investigators with proteids and other food materials. This 
applies as well, as far as distribution is concerned, to drugs in¬ 
jected subcutaneously or directly into the blood: they are 
more or less promptly engulfed or absorbed by leucocytes and 
distributed to various parts of the organism. 

“Recent experiments in France show,” says an editorial 
writer/ “that leucocytes fulfill a very important function in 
distributing medicinal drugs to all parts of the body. . . . This 
is shown by various experiments. Here, for instance, is a rab¬ 
bit under whose skin is injected a little strychnine or atropine. 
At the end of, say, half an hour. Borne of the blood is drawn 
off and divided by centrifugal treatment into its three parts— 
leucocytes, red globules, and plasma. Equal quantities of each 
are injected into three animals, and it is seen that the one that 
receives the leucocytes is poisoned, while the others are not. 
The leucocytes transfer these drugs from one part of the body to 
another, and this is their greatest utility. It is the more so 
that the place where they transport these substances varies 
according to circumstances. In normal conditions—that is, in 
health—the leucocytes carry the drug to the liver and mar- 
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row. In illness they carry it to the affected points, to the cen¬ 
ters of irritation, where the arrival of the leucocytes iB most 
desirable. .... But we can depend on them to carry iron to 
the blood-making organs, iodoform to tuberculous lesions, sali¬ 
cylate of soda to affected points, etc.There is another 

fact that must be taken into account: the leucocytes, it in” 
true, carry drugs to affected points, but they carry them also, 
with special insistence, to certain organs. Different organs 
attract different drugs; the liver, iron; the thyroid gland, 
arsenic and iodine; while the skin, the spleen, the lymphatic 
ganglia, and other organs seem to constitute regions of choice 
for several chemical substances." Indeed, Morel 4 found that 
finely powdered nux vomica was engulfed by leucocytes as well 
as any other substance foreign to the blood. Besredka, 8 having 
injected a soluble salt of arsenic into rabbits, found analytically 
that while the red cells and the plasma contained none, the 
leucocytes had absorbed it. Silver salts also were found to bo 
ingested by leucocytes by Samolloff.* Montcl 7 obtained a sim¬ 
ilar result with sodium salicylate. Lombard 8 obtained corres¬ 
ponding results with atropino and strychnine. Marcel Labbd 
and Lortat-Jacob* injected iodides subcutaneously and into the 
peritoneum and found that leucocytes absorbed these salts. 
Calmette obtained similar results with atropine; Metehnikoff, 
with soluble iron; Stassano, with mercurial salts; Neisser, with 
an oleate of calomel; Carles, 10 with ferrous iodide and other 
preparations of iron, colloidal silver, morphine, olive oil, rhu¬ 
barb, and biniodide of mercury; Lancelin 11 and Lombard, with 
morphine, etc. 

Can we accept as sound, however, the belief that leucocyte* 
modify their itinerary, so to say, when a given area is diseased 
and carry to that area drugs that may be beneficial to it ? 
M. Labb6 18 states that "while cinnabar injected into the circu¬ 
lation is, in normal animals, taken to the liver, the bone-mar- 
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row, etc., (Cohnheim, Ponfick, etc.), in diseased animals it is de¬ 
posited in the morbid foci (Schiiller, Bibbert, Orth, Wyssoko- 
witch).” It is upon this principle that Landerer based his 
theory that sodium cinnamatc reached the pulmonary foci in 
tuberculosis; that, mercury is believed to seek out syphilitic 
eruptions, that iron adjusts itself to haematopoietic organs in 
anemia, that iodoform proceeds at once to tubercular regions, 
that sodium salicylate selects the joints, etc. The drug-laden 
leucocyte is, according to this view, capable of intelligently and 
wilfully selecting the area to which it is to proceed; or, it can be 
drawn to the morbid focus through chemiotaxis; or, again, 
owing to the vulnerability of such a focus to bacterial invasion, 
it can be attracted thereby, as are other phagocytes, irrespective 
of their contents. Analysis of the question riiows that while 
there can be no doubt that leucocytes take up drugs as they do 
any useless or noxiouB agent that appears in the blood, the belief 
that they are specifically attracted to any diseased focus because 
they happen to contain a substance that may be beneficial to it 
is erroneous. 

The observations of Schiiller, Ribbert and others, that cin¬ 
nabar, which, in normal animals, is distributed in the liver, 
bone-marrow, etc., is deposited in the morbid foci in diseased 
animals, only prove that local lcucocytosis has occurred—a com¬ 
mon phenomenon observed even in the absence of any drug 
in the organism. This means only that leucocytes laden with 
the drug in more or less great numbers are diverted from their 
normal haunts to invade the diseased area to act as phagocytes, 
to sustain nutrition, rebuild tissue, etc. That the drug-laden 
leucocytes travel everywhere is moreover shown by the fact 
that in the experiments of Lombard, Calmette and Besredka, 
the blood examined was taken from the general circulation, and 
its leucocytes were found to contain the drugs injected. On 
the other hand, Landerer, 1 * referring to Schiiller, states that 
“ho found cellular deposits in predominating numbers in in¬ 
flamed or injured areas,” simply meaning thereby an excess of 
leucocytes as compared to other regions. 

A very interesting phase of the problem presents itself in 
this connection, vis., additional proof that leucocytes secrete 
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the products they absorb as they do their nudeo-proteid gran* 
nice in the tissues—drugs, more or less modified, replacing the 
nutrient particles, and being secreted automatically in lien of 
the latter. 

Carles 14 injected subcutaneously fine grains of carmine in 
the leg of a frog, then cut sightly the foot of the opposite side 
and introduced small pieces of glass in the wound. Fifteen 
hours later the latter was found to contain a large number of 
leucocytes stuffed with carmine. Another incision on the op¬ 
posite side, led to a similar result after twelve hours. This 
experiment was repeated several times with the same result, 
the injections being made in different parts of the body. Car- 
mine-laden leucocytes were also found in the liver. Colinhcim 
resorted to the same procedure forty years ago; carmine in¬ 
jected in the lymphatic sac of frogs appeared in tho leucocytes 
in an ulcerated cornea. Carles then tried the experiment with 
sulphide of mercury and collargol, with the same result. Ho 
attributes these phenomena to ehemiotaxis; but interpreted 
from my standpoint, it is due, aB stated above, to a less obscure 
process, i.«., the function of the leucocytes to carry to the tis¬ 
sues as nutrient material, whatever they absorb and digest, and 
in greater quantities to diseased tissues to facilitate tho pro¬ 
cess of repair. 

This is further Bhown by the fact that leucocytes migrate 
through the walls of vessels to reach the tissue-cells and deposit 
their load therein, whether this be composed of nutrient gran¬ 
ules or a drug. Thus Stassano and Billon, 14 after injecting 
lecithin in frogs, observed a profuse leucocytosis of cells laden 
with this substance. “A curious fact, however,” says Carles, 
referring to this experiment, “is that leucocytes containing leci¬ 
thin are also found outside the vessels. As true alimentary 
carriers they drop their charge, therefore, in the various tis¬ 
sues in order to nourish them; they even reach those that are 
deprived of capillaries thanks to diapedeses”—precisely as 1 had 
stated the previous year. 

The leucocytes may be killed, however, by the drugs they 
absorb. Alluding to powdered drugs of various kinds. Carles 
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states that "they take them up as well as any other inert sub¬ 
stances, but that they subsequently die without rejecting them,” 
as observed by Morel with powdered nux vomica. Carles noted 
a similar effect with rhubarb. 

That the substances or drugs absorbed by the leucocytes 
that are harmless to them are actually secreted by them in the 
tissues was first observed by Schiiller, who; as stated, observed 
that they deposited a larger quantity of their contents in dis¬ 
eased areas than elsewhere, solid elements being reduced to a 
state of extreme division. M. Labb6** also states that "insolu¬ 
ble drugs are absorbed and dissolved in the leucocytes’ 11 as 
shown by their influence on calomel and arsenic. Besredka, 
having provoked tuberculous abscesses in rabbits, then in¬ 
jected arsenic into the animals at intervals. He found the drug 
not only in the leucocytes, but also in the pus of the abscesses. 
Carles repeated these experiments and obtained similar re¬ 
sults; he found that mercury and copper followed the same 
course as the arsenic—a fact, by the way, which emphasises 
the absence of specificity as far as the distribution of the 
drugs is concerned. That the leucocytes secrete their granu¬ 
lations (Hankin, K&nthack, Hardy and Kong, Ehrlich, Hardy 
and Wesbrook, and others) explains how these drugs, irrespec¬ 
tive of those derived from broken-down cells in the pus, are 
deposited in the tissues—precisely, I may add, as if they were 
nutritive particles. 

Pathogenic organisms may likewise be transported by leu¬ 
cocytes to any part of the body and initiate morbid processes. 
Pour years ago, tT in an article opposing Koch’s views concern¬ 
ing the non-infectivity in man of bovine tuberculosis, I em¬ 
phasized the fact that direct infection of the lungs can occur 
through bacilli ingested by .leucocytes in the intestinal canal, 
and reached the conclusion that "contaminated milk and foods 
are* therefore, 'as active sources of infection as air-borne 
germs.” As is well known, the bacillus of tuberculosis is patho¬ 
genic when dead, and the endotoxin is liberated when the germ 
is disintegrated. Landerer, referring to Schuller’s observa¬ 
tion 1 * that the contents of leucocytes were deposited in rela- 
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tively large quantities in inflamed or injured tissues, states 
that these observations were confirmed as to bacteria by Ribert, 
Orth and Wysaokowitch. Cartes, who mentions these authors, 
writes in this connection: “Recently acquired knowledge of 
the physiology of leucocytes explains the predisposing rAle of 
traumatism as to the localisation of Koch's bacillus. The 
staphylococcus (Wysaokowitch, Orth, Weichsclbaum), the pneu¬ 
mococcus (Natter, Banti, Yanni), and many other microorgan¬ 
isms have since been found to have the same tendency to in¬ 
vade the damaged areas owing to the chemiotactic power of the 
leucocytes which had ingested them. This fact has been placed 
beyond question by numerous confirmatory clinical and experi¬ 
mental facts (Gabbi, Toumier and Courmont, Chauveau, Rosen- 
bach, Becker). Widal and Ravaut 1 * witnessed a case in which 
a tuberculous focus thus became infected by the bacillus of 
Eberth, etc.—all due doubtless to imperfect phagocytosis or to 
the death of the leucocytes containing living bacteria, or dead 
bacteria containing endotoxins. Many examples of this kind 
are available in literature, as every one knows. 

Can we say in the face of this evidence that leucocytes carry 
drugs to the diseased sites, where their arrival “is most desir¬ 
able"? If such were the case, how could we account for the 
distribution of bacteria and for inert substances to the same 
regions? That substances such as iron, arsenic, iodide, phos¬ 
phorus, etc., which fulfill a physiological rdle in the organism 
are taken by these cells to the tissues where they are stored, 
or bade to the intestinal canal for elimination if they are not 
required, is doubtless true, but that agents such as mercury, 
sodium salicylate, atropine, opium, strychnine, etc., which are 
totally foreign to the tissue elements, should accumulate in any 
morbid tissue otherwise than as a result of the local leucocyto- 
sis that attends all morbid processes seems illogical. This is 
an important feature from the standpoint of therapeutics, for 
while some advantage may be derived from the use of ap¬ 
propriate remedies because they must reach the diseased area 
through the intermediary of the leucocytes, this does not repre¬ 
sent, as the authors who have studied the leucocytes in this 
connection seem to believe, the manner in which drugs—includ- 
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ing those known to be carried to the morbid tissues—produce 
their main physiological effects. 

This is further shown by the fact that the effects of most 
drugs (the exceptions being those such as iron, phosphorus, etc., 
which form part of our tissues) are produced mainly through 
their action on the central nervous system. 

Digitalis, for example, is thought—irrespective even of any 
participation of the leucocytes in the process—to act directly 
upon the heart muscle, but Traube, in 1871, showed that trans- 
section of the cord high up annulled its effects, and Boehm** 
found that the same procedure arrested its action when it had 
become manifest. This indicates plainly that the action of the 
drug is not direct, i.e., on the heart-muscle itself. This may be 
shown in another way. Hebdom, 11 for instance, found that 
digitalin acted on an isolated heart when a 1 to 50,000 solution 
was used. But can we assert that a corresponding dose in man 
will act in the same way? The minimum estimate of the 
quantity of blood in the body of an adult is 13 pounds; 
100,000 minims. This quantity would thus have to contain 
a full grain of digitalin to react directly upon the heart, grant¬ 
ing that no waste occur either in the stomach, intestines, liver, 
or blood, before reaching that organ. Now, a /« grain of 
Merck’s digitalin, according to Wood,” "represents the full 
therapeutic dose.*” In the blood this would make a solution 
of 1 to 400,000, which is inactive on the detached heart. Again, 
if the view that the drug acts directly on the heart-muscle were 
sound, the hypodermic UBe of a sufficient quantity to make 
llebdom’s 1 to 50,000 solution should at least be required. In 
truth, a dose thus administered and making a solution in the 
blood but one thirty-second as strong as this, is a powerful one. 
Thus, Deucher** found that a dose of digitalis given hypo¬ 
dermically produced the same effects as a dose four times as 
great administered by the mouth. Inasmuch as */« grain of 
digitalin is stated by Wood to produce the full therapeutic ef¬ 
fects of the drug, */,, grain should thus provoke equivalent 
effects hypodermically. This is equal to a 1 in 1,600,000 solu- 
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tion in the blood mass. And yet this does not allow lor the 
diminution of the dose in the latter. Can we consistently ad¬ 
mit* in view of the antitoxic properties of the blood (especially 
active in the leucocytes) which underlie immunizing processes 
now engaging the attention of the whole scientific world, that a 
glucoside will suffer no chemical change? Even if defikrinnted 
blood-serum be used as a "menstruum for digitalin in experi- 
ments, such as Hebdom's, on the isolated heart, the environ¬ 
ment of the drug is greatly modified through the absence of 
blood-cells, fibrin, etc. Thus, variation of temperature provokes 
precisely contrary effects, Masi showed that, while digitalin 
arrests the frog's heart in systole at the normal temperature, at 
a lower one it arrests it in diastole. Moreover, how do we know 
that the supposed direct action of the drug will always mani¬ 
fest itself on the mammalian heart as it does experimentally 
on the batrachian ? Masi found that at identical temperatures 
digitalin arrested the frog's heart in diastole and the mouse's 
heart in systole. All this shows distinctly that the prevailing 
view that digitalis acts directly on the heart cannot 1n.*nr close 
scrutiny. Indeed, the action of this drug has remained obscure. 
“In our experiments upon the mammalian heart/’ writes H. CJ. 
Wood/ 4 “we have seen in the final acts of digitalis drama hap¬ 
penings so curious and unexpected that at present no proposed 
theory as to the action of the drug is sufficient.” 

The drugs which, as shown in the foregoing pages, are 
distributed by leucocytes—excepting as staled, agents which 
take part in general nutrition—also produce their main effects 
through the central nervous system. Thus, Cushny" status 
that “atropine acts ns a stimulant to the central nervous sys¬ 
tem and paralyzes the terminations of a numlicr of nerves.” 
Of the aromatic series to which the salicylates belong, he also 
Bays: “They are all possessed of a more or less marked action 
on the central nervous system.” Wood/ 8 referring to strych¬ 
nine,, writes: “The fullest permissible doses stimulate very 
powerfully the respiratory centers, and also slightly increase 
blood-pressure by stimulation of the vasomotor centers and 
probably also of the heart itself.” Of silver , the same author 
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says the symptoms of poisoning are "those of gastro-enteritis 
with violent disturbance of the nervous system due to a direct 
action of the poison upon the cerebrum and the spinal cord/* 
He also states that "sometimes the influence of mercury falls 
almost exclusively upon the nervous system, and produces a 
peculiar train of paralytic phenomena/* In his section on 
opium (wo have seen that leucocytes were found to carry mor¬ 
phine to the tissues). Wood says: “It is undoubtedly a stimu¬ 
lant to the spinal cord; but .... the cerebrum in man is so 
infinitely more susceptible to its influence than is the spinal cord 
that this spinal effect is rarely perceptible in man/' The 
physiological action of morphine emphasises strongly the ques¬ 
tion in point, for although taken up and carried by leucocytes 
to all parts of the organism, it is only through its action on the 
central nervous system that its effects, including the relief from 
pain, are produced. 

A still more striking example of this fact is the physiolog¬ 
ical action of the coal-tar antipyretics and analgesics, anti¬ 
pyrin, acetanilid, etc. Although these drugs are widely used in 
practice, their action, as stated by Cushny,” "is very imper¬ 
fectly understood.** Now, Sawadowski** Bhowed that removal 
of the brain above the basal ganglia, the optic thalami and the 
striated bodies did not prevent the action of antipyretics. He 
found, however, that when these ganglia were detached from 
the lower part of the spinal system, the antipyretics no longer 
reduced fever. An important fact imposes itself in this con¬ 
nection, vis., the experimental incision inevitably destroyed the 
nerve-paths from the pituitary body to the upper spinal struc¬ 
ture, and, therefore, the nerve-path connecting it with the 
adrenals. 

This evidence, supplemented by that submitted in the first 
volume and in the preceding chapter, seems to me to warrant 
the following conclusions: (1) (hat leucocytes, acting as phago¬ 
cytes, absorb not only food-products in (he alimentary canal and 
in (he bloodstream, but also drugs, poisons and pathogenic 
organisms; (2) (hat whatever' substance a leucocyte engulfs or 
absorbs, including pathogenic elements, is submitted therein to 
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whatever action its digestive constituents may have on that sub¬ 
stance, the product being secreted broadcast in the tissues as if 
it were invariably a nutritive substance ; (3) that if the intra¬ 
cellular digestive process be imperfect or if the leucocyte be 
hilled by them, living pathogpnic bacteria may thus be dissemin¬ 
ated by leucocytes ; (4) that drugs and poisons more or less 
modified chemically, dissolved, or triturated in the leucocytes, 
may thus be distributed by them to all tissues; (5) that while 
in some instances this may cause remedies capable of promot¬ 
ing local resolution to reach diseased areas—especially in view 
of the local leucocytosis of which such areas are the seat—this 
does »o< represent the process through which drugs, poisons, and 
bacterial toxins and endotoxins produce their main physiological 
effects; (0) that these physiological effects and the beneficial 
influence of remedies are due mainly to their action upon the 
central nervous system. 

THE ANTERIOR PITUITARY AS A LYMPHOID ORGAN IN WHICH 
THE PRODUCTS OP LEUCOCYTES AND ANY DRUG, POISON 
OR TOXIN THESE CELLS MAY CONTAIN ARE EXPOSED 
TO THE TEST-ORGAN. 

In the preceding chapter I referred to the anterior lobe of 
the pituitary body aa an "organ of special sense/’ owing to the 
presence therein of a sensitive organ which I assimilated to the 
“test-organ” found by zoologists in Tunicata, the lower Chord¬ 
ata and other animals far down in the phylogenetic scale. 
Spengcl, who first described the structure in these ancestral 
forms, referred to it as an "olfactory organ” and concluded that 
.its function was to test the water which supplied them with 
oxygen—a view now generally accepted by zoologists. Gentds, 
we have seen, though unaware of the fact that I had attributed 
functions similar to those of the test-organ to the anterior 
pituitary body—and probably of the views of zoologists regard¬ 
ing it—found, in the partition separating it from the posterior 
lobe of the higher mammals, cat, dog, etc., a sensory organ 
which could also have been termed an “olfactory organ,” since 
its cellular elements recalled "precisely,” he said, those of the 
olfactory area of the nasal mucous membrane. The data con¬ 
tributed by zodlogists, my own—based on clinical, physiological 
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and histological .and those contributed "by 

Qentis, harmonize therefore in attributing to the anterior 
pituitary body—including its posterior wall—besides the func¬ 
tions its epithelial elements subserve, the rdle of a sensory 
organ. It is evident, therefore, that my opinion that the pur¬ 
pose of this organ is to afford some form of protection to th$ 
organism, harmonises fully with the teachings of several 
branches of biological science. 

In the higher animals, however, we are no longer dealing 
with a structure which, as in the sea-squirt, the mussel, the 
lancelet, etc., tests in-going sea-water; and as their "respirator}' 
fluid" is the blood, it follows that whatever protection the test- 
organ affords in these higher vertebrates, including man, must 
have for its purpose to counteract the effects of poisons 
brought thereto by the blood. Indeed, as stated by Claude 
Bernard, the blood of vertebrates “is an internal medium in 
which the anatomical elements live as fishes do in water.”*" 

Again, the protection afforded'by the teBt-organ in the in¬ 
vertebrates is far-reaching not because the oxygen derived from 
their respiratory fluid is materially reduced when noxious ma¬ 
terials are present in it, but because this fluid also brings them 
their food. Thus, Amphioxus buries its body in the sand, the 
mouth and its cirri protruding in the water above. The latter, 
which supplies it with its oxygen, also brings microscopic plants 
and dibris, which pass downward into the slimy secretion of 
its pharynx, while the water passes out again through the gill- 
slits, the respiratory organs. The test-organ is so situated, 
however, that any noxious substance entering either the respir¬ 
atory or digestive apparatuses of the animal comes into con¬ 
tact with it. It is evident that the purpose of the test-organ is 
not so much to protect the animal against toxic agents that com¬ 
promise the purity of the water as a respiratory fluid but as a 
nutritional medium. 

This apparently militates against the fact that in the 
higher animals the blood replaces the sea-water as regards its 
functional relations with the test-organ of the pituitary body, 
since, in the light of the views I have advanced, it is not the 
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pUiuna which contains proteids and other food-staffs, bat the 
leucocytes. The situation would seem further complicated by 
the fact that, as shown in the preceding section, poisons as well 
as foods are absorbed in the intestinal canal and in the blood 
by these cells, and distributed by them throughout the organ¬ 
ism. If, as In the invertebrates or ancestral vertebrates pro¬ 
vided with a test-organ and a water vascular system, poisons 
must come in contact with the test-organ, in tho higher verte¬ 
brates- provided with a blood vascular system, the leucocytes 
would have to enter the pituitary body and secrete their toxic 
principles therein. That these cells, i.e., leucocytes laden with 
poisons, food-products, etc.—can penetrate into the anterior 
pituitary is shown in the annexed illustration of a section of 
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this organ, borrowed from a very able work by Professor P. E. 
Launois, of Paris,** and intended to show the presence of fat 
globules (a normal result, from my viewpoint, of the fact that 
they ingest fats in the intestinal villi)'in what he describes as 
"polynuclear leucocytes of the blood in the intra-parenchyma- 
tous capillaries." It is obvious, therefore, that at least some of 
the leucocytes whose function it Is to absorb food-substances, 
poisons, etc., anywhere in the body enter the anterior pituitary 
body. 

What is the nature of their relationship with the test- 
organ? How can this structure become influenced by the rela- 
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tively small number of peptone- or poison-laden leucocytes 
which, merely as casual cellular constituents of the blood, hap¬ 
pen to circulate in this organ? Before these questions can be 
answered, certain features of the prevailing views concerning 
the functions and histology of the anterior pituitary body 
require attention. 

The anterior pituitary is now considered as a secreting 
gland, capable, as are the thyroid and adrenals, of furnishing a 
secretion to the blood. In the light of my views, however, this 
rdle no longer belongs to the pituitary body- in all animals pro¬ 
vided with adrenals, since I regard these organs as offshoots, so 
to say, of the anterior pituitary, which assumed at a given time 
in the animal scale all the secretory functions of the latter. 
Whether the adrenals, as in Sauropsida, be closely connected 
with the gonads, in Amphibia with different parts of the meso¬ 
nephros, in Teleosts either with the latter or with the degen¬ 
erate pronephros, etc., or as in the higher vertebrates, including 
man, with the fully developed kidney, the adrenals are invari¬ 
ably connected by a nerve path with the anterior pituitary— 
through, we have seen, the posterior or neural lobe, with which 
it becomes merged during embryological development. The 
purpose of this union asserts itself in view of the fact—pointed 
out in the preceding chapter—that the neural lobe is the seat of 
the sympathetic and othcT motor centers which have as their 
purpose to connect the test-organ with the nerve-center through 
which its defensive functions (as regards the body at large) can 
be carried out, namely, the adrenal center. 

These facte suggest and additional evidence will show, (1) 
that the anterior pituitary body is not a secretory organ, and 
(8) that its function, as previously emphasized, is to test the 
quality of the blood circulating through it and awaken, if need 
be, a defensive reaction throughout the body. Such being the 
case, the supposed “secretory” elements of the anterior pituitary 
cannot be such. This is further suggested by the arrangement 
and structure of the epith elium. 

If the organ were a gland, its secreting elementa'should 
be arranged in regular rows as in other glands, but such is 
not the case. As is well known, the anterior pituitary is made 
up of convoluted tubes or alveoli In these structur e s , the cells. 
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THE EPITHELIUM OF THE ANTERIOR PITUI¬ 
TARY AS PARTLY COMPOSED UP PHAGOCYTIC 
EPITHELIOID CELLS. / Hajaus.J 

Fig. It Epithelioid cells In a tuberculous lymphatic gland a. 

Fig. 8, Normal tissue of anterior pituitary. Phagocytic epithe¬ 
lioid cells a. 
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alar epit h e lium of the organ and the phagocytic endothelioid 
cella found, for inst a nce, in the mesenteric lymph-glands. To 
emphasise this resemblance I submit herewith two microphoto- 
gnphs, one of an aggregate of such lymphatic endothelioid cells 
from a case of tuberculosis of the peritoneum (Fig. 1); a n d one 
of normal tisane from the anterior pituitary (Fig. 8). Indeed, 
the morphological structure of th§ pituitary ia such as to have 
caused it to be compared to a lymph-gland by the older investi¬ 
gators, Monro, Mflller* 1 * and others. Nearer, however, to my 
own interpretation, ia that of Charles Robin, 11 * who, in I860, 
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specified that the pituitary body did not actually form part of 
the lymphatic system, bnt that it was a lymphoid organ. 

From my standpoint, however, this applies only to the 
anterior loibe. As is well known, it is bean-ehaped and the pos¬ 
terior lobe is incorporated into its hilnm. Bfihm, Davidoff and 
Huber* u state, referring to lymph-glands, that “in shape they 
are much like a bean or kidney and the indentation on one side 
is known as the hilura.” Both the anterior pituitary and the 
lymph-gland have a fibroblastic capsule, septa which divide the 
organ into a multitude of compartments to which the above- 
named histologists refer as “medullary cords” (just as Launois 
calls the tubules of the anterior pituitary “cords”). Both con¬ 
tain lymph-sinuses. As shown below, the anterior pituitary 
also contains what in the lymph-gland Toldt termed a “terminal 
sinus,” lined throughout with endothelial cells, which are con¬ 
tinuous with those of the afferent and efferent lymph-vessels,”— 
the afferent vessels being omitted in the pituitary. It is not 
strange, therefore, that we should find the great phagocytic 
mononuclears in the anterior pituitary. Lymphatic structures 
are their normal habitats. Finally, we have seen that Beuter 
found fat droplets “in the lymphatic corpuscles of the diffuse 
lymphoid tissue.” Launois likewise found fat in many of the 
supposed true epithelial cells of the pituitary, as diown by stain¬ 
ing reactions, oamic acid, etc. 

The function of these cells in the anterior pituitary like¬ 
wise assumes a normal aspect, since it is essential that broken- 
down cells, including the leucocytes whidi hare secreted their 
products into the organ, should be promptly eliminated. This is 
essentially the idle of the mononuclears, acting as Metchnikoff’s 
macrophages, even when epithelioid ,when forming part of 
an epithelium from which they can free themselves and migrate 
away. Thus, as stated by Ziegler,* 14 “proliferating tisane can 
produce cells which appear very like the larger forma of mono¬ 
nuclear leucocytes.” Hektoen,* 1 * on the other hand, states that 
“in typhoid fever a marked proliferation occurs in the endo¬ 
thelial cells of the lymph-follidea of the intestine^ mesenteric 
lymph-nodes and spleen; and the new cells acquire marked 
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phagocytic properties.” Or, instead of migrating from the 
organ, these mononuclears may combine to form a giant cell. 
Beferring to the formation of tubercle, for instance, Hatch? 
nilrnff** writes: “It is compiled of a collection of phagocytes” 

.“which move towards the spot where the bacilli aro 

eituated and englobe them. The phagocytes retain their condi¬ 
tion of epithelioid cells, or are transformed into giant cells.” 
All this illustrates mononucleara in the act of apprehending 
pathogenic elements, detritus, broken-down cells, etc., of some 
kind, though forming part of the organ’s parenchyma, and 
applies as well to the anterior pituitary as to any other lym¬ 
phatic organ. Interpreted from my standpoint, therefore, what 
is now regarded as the glandular epithelium of the anterior 
pituitary is mainly composed of promiscuously distributed 
epithelioid mononuclear macrophages, which carry on therein, as 
elsewhere, their function of general scavengers. 

Although he does not in any way refer to cells of the 
snterior pituitary as leucocytes—regarding them, in accord with 
all other investigators, as true epithelial cells, Launois's descrip¬ 
tion of these elements clearly points to them as leucocytes, 
including the large mononuclears and giant cells referred to 
above. Thus, he refers to three types of cells found in the 
gland, judging, he says, “from their tinctorial affinities,” as 
"acido^kUes” "basophiles’ * and "chromophobes.” Indeed, some 
cells, he says, recall when stained “the neutrophils granulations * 
contained in certain leucocytes.” Now, in Figure 1, we saw 
that “polynuclear” leucocytes are present, while the cells just 
referred to are “neutrophiles.” Moreover, as I have previously 
shown, these are precisely the nutritional leucocytes which 1 
traced from the intestinal canal to the tissues. 

Inunois refers also to the “acidophiles” as “siderophiles.” 
We have seen in Gulland’s plate opposite page 668 (first vol¬ 
ume) that corresponding leucocytes also take the iron-hsma- 
toxyline stain and are colored black by it The mitoma or net¬ 
works present in these cells are also observable in the sup¬ 
posed epithelial rails, for Launois refers to the presence of a 
“reticulum.” The basophiles likewise correspond tinctorially 
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with leucocytes; they stain' vidlet-blue with hmmatoxyline, pink 
with hsmatin-eosin, orange-yellow with hsematin-eosin orange 
—even though there is good reason to believe that as soon as 
they enter the organ—or rather its anterior lobe—leucocytes 
promptly secrete their granules and thus lose their main stain¬ 
ing affinities. This accounts—only from my viewpoint, of 
course—for the presence in the organ of the cells to which 
Launois refers as “chromophobes” (Comte), i.s., cells which 
have but slight affinity for stains. 

Begarded as leucocytes, and as I interpret their function, 
these “chromophobes” are merely depleted leucocytes. Thus, 
Launois refers to them as “still containing” very few “acido- 
phile,” “basophile” or “siderophile” granulations. They are 
found disseminated among the other elements of the organ and 
aggregate in clumps, the periphery of - which is alone stainable. 
At first the granules accumulate in masses, which Launois con¬ 
nects “intimately” with the secretory process of the organ con¬ 
sidered as a gland; interpreted from my standpoint, however, 
these granules are the identical granulations which leucocytes 
secrete elsewhere, and that are here used by the organ as a 
secretion. Indeed, Launois refers repeatedly to the presence of 
“granulations.” In the basophile cells, for instance, he found 
the protoplasm rich in granulations “which have an elective 
affinity for basic dyes.” In fact, he actually mentions the 
' escape of granulations in the neighboring fluids and their dis¬ 
solution therein. Scaffidi 1 * has likewise observed that the cells 
of the anterior pituitary shed their granules, and that when 
this is accomplished, the cytoplasm is disposed closely around 
the nucleus. Such cells are shown in the plate opposite page 1050. 

All this explains why supposed “glandular cells” are so 
promiscuously distributed in the organ. Thus, Launois states 
that the distribution of these cells is very irregular, some 
“oords” being composed of eosinophiles, others of baaophiles 
only, but that in general the different types are met with “in 
the one cord.” At times the cells are distributed equally in 
all'regions of the gland; at others, certain territories are richer 
in basophiles, others in acidophiles. There is as to this, he 
remarks, no fixed rule. 
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Briefly besides the great mononuclears, which an probably 
evolved in situ, since small mononuclears are also present in 
great numbers, and giant<cell8, all of which are described by 
Launois under the belief that they are true epithelial cells, the 
organ contains the more familiar blood leucocytes, is., neutro- 
philes, basophiles and acidophiles. . 

Before the details of the functional mechanism of the 
anterior pituitary, as interpreted from my standpoint, can be 
submitted, a few anatomical facts must be reviewed. 

The leucocytes, as we have seen, are present not only in 
the tubules of the organ, but also in its capillaries, which arc, 
according to all classics, very abundant. These are, as shown 
by Obersteincr,** the continuation of a number of vessels which 
pass from the base of the brain to the anterior lobe along the 
anterior surface of the infundibulum. Launois traced them to 
the internal carotid and refers to them as the “intrinsic' 1 vessels 
of the organ, in contradistinction to its “extrinsic” supply, i.e., 
two sets of thin vessels, also derived from internal carotid but 
which are distributed to the surface. The intrinsic veins of the 
organ also pass upwards along the infundibulum and meeting 
those derived from the extrinsic veins probably empty, accord¬ 
ing to Launois, in the deep sylvian vein. Both the intrinsic 
arteries and veins, according to Berkley, 14 “directly pass” into 
the anterior lobe “from the substance of the infundibulum.” 
Ife speaks of a 'large number of vessels” in this connection, a 
fact which accounts for the veiy rich supply of capillaries 
throughout the organ and between the tubules, which, as stated 
.by Gray, 14 are united together by a very vascular connective tis¬ 
sue.” It is apparent that leucocytes can readily enter the an¬ 
terior pituitary with its arterial blood, and penetrate to every 
part of this organ. 

That it is possible for the leucocytes to circulate freely in 
these parenchymatous capillaries and also to migrate through 
their walls, is shown by the fact that Obersteiner 11 found the 
vessels which pass between the cellular tubes “numerous and 
large” and their walls “remarkably thin”—so much so, indeed. 
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vy-ttfjfe Xeranois observed sctnal tears in th» capillary jnUi of' 
wtttfcttvB organs which afforded a free oraoTn rm with the- 
tubulas. The an ne xed microphotogtaph, in which leucocytes 
it among many red corpuscles, dearly suggests, in 
the connective tissue walls of the tubules and capilo 
are one, and that, as elsewhere in the body, leucocytes 
food-products, drags, poisons, etc., can readily enter the 

s,- Bneh leucocytes are plainly shown in the tubulee in the 

j£.same illustration. Here they evidently secrete fhdr contmh^ 
|ibr, as Comte has suggested, and as Launois was able to show by 
f >' staining methoda (although of course unaware that he was deal- 
: ing with leucocytes), “two secretory products, one baaophile and 
the other acidophils” are secreted, while the “intermixture of 
the cells which elaborate them indicates that these two products 
are themselves mixed before being eliminated from the ptitU' 
chyme.* * 
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Interpreted frbm my standpoint these are all very import¬ 
ant features at the question in point. The leucocytes,, contain¬ 
ing as they do whatever they may have absorbed in the intes¬ 
tinal canal or in the blood, are distributed, we have seen, 
ihroti^liOilfc- the entire organism. What proportion of these 
esDs'mq^Bis to p e netrate into the pituitary to form the sup-' 
poaedBmjppSe# is, /as it were, a sample of the food-elements and 
wy safot# onbetance that they may contain, which are being 
diffriBfcefedt ll^Woast. The blood as the bearer of leucocytes thus 
lad^^^^i,<@NB rflle that sea-water does in lower forms. 

lower organisms, however, we have seen that, the 
the food materials it 

WM the center of their autah^bip 

mechanism, their ?tjjfrti organ** or “oephxadfam.* 
wwipadog process- carried on in the anterior of 

the higher animals, including manP 
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describes these fibers as “bundles ot small nerves following 
the course of the arteries” and from which “come off, at irreg¬ 
ular intervals, single fibers, or branches from the main stems, 
which pursue a very irregular course through the glandular sub- 
. stance, crossing over or accompanying the large venous chan¬ 
nels in the septa, and finally being distributed upon the coils of 
the epithelial cells forming the follicles.” His drawing of a 
set of these fillers, including their ball-shaped terminals, is re¬ 
produced below. These ball-shaped endings recall strikingly 
the sensitive terminals found elsewhere in the oesophagus, 
lurynx, bladder, etc. If they are sensory, their purpose sug¬ 
gests itBclf: to provoke reflex dilutation of the blood-vessels 
through which the organ relieves itself of the blood which has 



Sectiom or Anterior Pituitary, Showing Ball-shafid Nhrte 
Terminals Among Cellular Kuurarra. {Berkley.) 


caused it to dilate. The capsule of the anterior pituitary, con¬ 
taining as it docs “a fine network of elastic fibrils” (Launois), 
dilates when the organ is liypcnumic—as shown by the enlarged 
appearance often witnessed during hyperactivity such as that 
observed in eclampsia (Launois and Mulon), the early stages of 
acromegaly, etc., and contracts again when the venous and 
lymphatic channels are widely opened. The “currents and 
whirlpools,” etc., observed by Launois in the para-nervous cav¬ 
ity clearly suggest that some such propulsive mechanism must 
exist in the organ, tho semi-fluid substance being no longer 
within the capillaries and, therefore, under the influence of 
the vis a tergo motion of the blood. The colloid substance be¬ 
ing derived from the tubules, the compression necessary to 
drive it out through the meshes of their connective tissue (see 
the homologue of such a network in the plate opposite pago 
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1068) must begin in the periphery of tlie organ—a function 
for which the elastic capsule is eminently fitted. On the other 
hand, the pillow of venous blood which separates the pituitary 
from its pedestal, the sella turcica, affords ample leeway for its 
preliminary dilatation. 

The para-nervous cavity is probably itself distensible, a 
fact which would account for the variations in shape, the ap¬ 
proximation of its walls or “the widened and somewhat globu¬ 
lar” outline observed by Launois. Dilatation owing to the ac¬ 
cumulation of leucocytic products swept into it when tlie an¬ 
terior pituitary contracts, at one time, and contraction when 
it is emptied at another, affords a logical explanation of the 
post-mortem appearances witnessed. 

The manner in which the blood deprived of the leucocytes 
that have migrated into the tubules passes out of the anterior 
lobe is made clear by the fact thut it remains in the sinusoidal 
capillaries. It is therefore returned to the circulation by the 
venules which terminate in the large veins in thu infundibulum. 

As to the detritus, scavenger cells, etc., they have u path of 
their own—one common, ns regards the corresponding process, 
to nil lymphatic structures. Muller, 31 * in the course of. a c*om- 
prehcnsUc study of the pituitary body from Myxinc to man, 
found that the partition between the two lobes was supplied with 
a rich network of lymphatics through which glandular products 
found their way to the general lymphatic system. Lymphatic 
vessels seem to he absent elsewhere in the anterior pituitary. 
The process of elimination during life must bo a very active 
one. The microphotograph facing the next pago shows a large 
number of cells in the act of being ejected from the organ (the 
effect of periodical contractions such as those of the spleen) in 
a current of “colloid”—an aggregate of lymph, ndrenoxidasc. 
dissolved granules, etc., as previously stated. Here as in several 
slides studied, the mass occurred in what corresponds with 
the external orifice of the lymphatic spaces, while in other slides 
the cells had not as yet reached the outlet when death of the 
organism of which it formed part took place, arresting the pro¬ 
gress of the cells to the external lymphatic vessels. 

Summarizing all these facts, it seems evident (1) that the 
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Whether thin connection exists or not, the fact remains that 
the sensitive organ—the teat-organ—sends nerves to the tuber 
eraerenm, where they connect, as 1 have shown in the previous 
section, with a nerve-chain which terminates in the adrenals, 
the secretion of which, as will be shown presently, is the funda¬ 
mental factor of the body’s auto-protective or immunising 
functions.. 

The main function now attributed to the anterior pituitary 
body by all authors—that of a secreting .organ—finds no place 
in my interpretation of its r61e in the organism. That it has 
ceased to secrete when fully developed, «.e., in the higher ani¬ 
mals, is shown by various facts:— 

The thyroid gland and the adrenals, which are positively 
known to be the source of a secretion, produce extracts which 
are very active. Such is not the case, however, with extracts 
obtained from the anterior pituitary. Howell 41 found that 
such extracts "when injected intravenously have little or no 
physiological effect." Gamier and Thaon** recently confirmed 
Howell’s observation with extracts prepared from the anterior 
pituitary of oxen. This is accounted for by the fact that, as I 
interpret the phylogenetic history of the organ, it ceases to 
secrete when the adrenals appear. 

In the diagram of a sea-squirt shown herewith—a longi¬ 
tudinal section of the animal—the pituitary body (hyp) may 
be seen to Bend a projection to the respiratory apparatus (stiff) 
i.s, the duct of the pituitary. The purpose of this relationship 
is not known. In my opinion this secretion penetrates into the 
cellular elements composing the respiratory organ, and endows 
its blood with the property of absorbing oxygen , while the water is 
driven through the stigmata by the active movements of their 
ciliated epithelium. Indeed, we have seen that in the experi¬ 
ments of Piiri and Portier and others, including my own, in the 
clam, oyster, and sea-mussel, the (colorless) blood of the gills 
gave the guaiac-test most actively, thus showing that it was 
rich in oxidase—the substance which in animals supplied with 
adrenals I have termed "adrenoxidase.” As shown by Abelous 
and Karats, this same active reaction was obtained from the 
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corresponding blood in crayfish, by Pineal ix in batrachiaiu, and 
so on until the highest mammals were reached—always with 
bleed derived from the respiratory organs. 

This interpretation is further sustained by the evident con¬ 
nection between the “subneural gland”—the primitive anterior 
pituitary—and the respiratory organs of another ascidian in 
which the duct is very long, PhaUuaia menlula. Willey, 4 * re¬ 
ferring to the structure in which the duct terminates, describes 
it aa the "dorsal tubercle, the opening of the hypophysis into 
the branchial sac.” Briefly, in the light of my work, in these 
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invertebrates the ancestral anterior pituitaiy fulfills the func¬ 
tions which in the higher animals are carried on by the adrenals. 

When does the transition take place? This question can¬ 
not be answered with any degree of accuracy in the light of 
available knowledge. The adrenals are now thought to occur 
in the vertebrates only. A study of the question has led me 
to believe, however, that they appear much earlier, and that in 
many invertebrates organs which are now regarded as neph- 
ridia—and which as such occupy anomalous positions in their 
relations to the heart and other organs—are naught else, func¬ 
tionally, than adrenals. This question cannot of course be 
treated in the present work. 

Bemaining in this connection within the precincts of ae> 
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oepted views based on the embryology, phytogeny and compara¬ 
tive morphology of the subject, we may conclude with Laonois 
that "from Tunicata to man, there occurs, in all species of 
animals, towards the base of the encephalon an organ formed 
by the intimate contact of a nervous projection with a projec¬ 
tion of the stomodeum. In all except Myxine, doomed to retro- 
gmiion owing to its parasitic life, the stomodsal projection 
becomes glandular. The gland thus formed is tubular and 
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rich in blood-vessels. While it opens externally in Tunicata 
and Amphioxus, it becomes a closed gland from the earliest of 
vertebrates.” Hence the prevailing belief that it supplies the 
blood an internal secretion. Not only, however, has the rdle 
of this supposed secretion in the organism never been found, 
tsut, as we have seen, the organ contains no active substance, 
while the promiscuous distribution of its cells, the character 
of the latter, and other facta, indicate that the anterior pituitary 
is not a secreting gland. 
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With the evident connection between the anterior pituitary 
end the respiratory organs of ancestral animals I have indicated, 
the obliteration of the external opening in the early vertebrates 
assumes a normal aspect in that it coincides with the appearance 
of the classical adrenals. Indeed, these organs are not only 
present in the higher mammals, but also in amphibians and 
fishes, including those classed among the lowest Chordata, the 
Elasmobr&nchii (shark, dog-fish and ray). In these animals, 
moreover, a s u ggestive feature asserts itself, vis., the presence 
in the floor of the third ventricle of the nervous structure 
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through which, as I have shown, the pituitary body is united 
with the upper portion of the spinal system. “One finds in 
birds and reptiles, probably also in fishes, in the midst of the 
gray matter that surrounds the median ventricle,” writes Edin- 
ger, 44 “an elongated nucleus of large cells: Nuc. magno-cellu- 
laris strati grisei. It is probably fibers from it that pass ven- 
trally to cross just over the infundibulum as the Decussatio 
supra-infundibularis. Besides this, it probably sends bundles 
off posteriorly.” In the annexed illustrations. Fig. 1 indicates 
the great-cell nucleus, divided vertically, while Fig. 2 shows 

"Aaat. of Uio Central Nerroni System. " p. in. 1M. 
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fibers derived from it proceeding posteriorly—the path which, 
as shown in the preceding section, leads to the adrenals. 

The evidence submitted in this section appears to me to 
warrant the following conclusions: (1) The anterior lobe of ike 
pituitary is not, as now believed, a secreting gland, nor the 
source of an internal secretion; (2) it fulfills in all higher ani¬ 
mals, the same function that the osphradium or test-organ does 
in various invertebrates and lower vertebrates, vis., it tests the 
purity of the respiratory and nutritional fluids, i.e., the blood in 
the higher vertebrates; including man; (3) inasmuch as, in 
these higher vertebrates, the,food-products, normal and toxic 
wastes, drugs, and poisons are taken up by leucocytes in the ali¬ 
mentary canal and the blood, and distributed by them to all 
parts of the body, the anterior pituitary, a highly vascular organ, 
receives its share; (4) while the plasma and red-corpuscles re¬ 
main within the vessels of the anterior pituitary, the leucocytes 
migrate through the walls of its capillaries and accumulate pro¬ 
miscuously in the anastomosing tubules of whi6h the paren¬ 
chyma of the organ is composed; (5) once in thebe tubules, the 
leucocytes secrete their granulations, acidophils,; basophils and 
amphophUe, and any other substance, benign or toxic, they may 
contain; (6) all these substances dissolve in 'the tubules, in 
fluids derived from the leucocytes themselves, and (as will be 
shown) adrenoxidase derived from the red corpuscles in the cgp- 
illaries; (7) a colloid substance is thus formed which contains 
a given proportion of all the benign and toxic substances that 
are being distributed to the body at large; (8) this colloid sub¬ 
stance represents, therefore, a specimen of the nutritive materials 
which the tissue cells are assimilating; (9) this specimen en¬ 
ables the test-organ of the anterior pituitary to take cognisance 
of any noxious substance or drug that may be contaminating 
these nutritive materials. (10) The test-organ of the higher 
vertebrates, including man, is located in the superficial tissues of 
the partition separating the anterior from the posterior pituitary, 
and faces the parenchyma of the former; (11) the elastic cap¬ 
sule of the anterior pituitary contracts periodically, each con¬ 
traction< causing compression of its sponge-like parenchyma and 
propulsion of its colloid substance posteriorly, i.e„ towards the 
test-organ; (18) the colloid substance is thus projected into ft 
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cavity between ike parenchyma and the teat-organ and brought 
into contact with the tatter on ite way out of the pituitary 
through lymphatics ; (13) the teat-organ ia a sensitive struc¬ 
ture the surface of which—that expoaed to the colloid substance 
—is simitar to that of the olfactory membrane; (14) it sends 
fibers into the posterior lobe of the pituitary, which fibers* ulti¬ 
mately pose upward to the tuber cinereum, where they merge 
with ihe nerve-chain that terminates tn the adrenals—the organs 
which, when stimulated by the test-organ, awaken a protective 
reaction in the body at large. 


UU000YT B8 AS THE PURVEYORS OF THE THYROID AND , 
PARATHYROIDS, AND AS THE SECRETING nsnu 
OF THESE ORGANS. 

A Swedish anatomist, Sandstrom, 48 discovered in 1880, in 
man and various other mammals, small epithelial organs near 
to, or forming part °f» the thyroid gland, i.e., the parathyroids. 
Thanks mainly to the investigations of Gley, 48 who first showed 
their great physiological importance, Moussu, 4 * and Vassalc and 
Generali, 48 whose observations have been confirmed by many 
other investigators, these small organs have been shown to in¬ 
fluence greatly the vital functions. The difference between 
them and the thyroid in this respect is quite evident, however: 
as stated by Jeandelise, 48 “to the thyroid belongs a trophic 
function of the first order, its removal being followed by disor¬ 
ders of nutrition, while, conversely, extirpation of the para¬ 
thyroids is followed by convulsive phenomena.” 

Notwithstanding the considerable labor bestowed upon the 
thyroid and parathyroids, the nature of the relationship be¬ 
tween them has remained obscure. Thus Howell, 88 in his text* 
book of physiology concludes that “the functional connection 
between these two organs is as yet quite unexplained.” This 
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applies as well to the physiological purpose of the parathyroids. 
H. Richardson," for instance, in his work on the thyroid and 
parathyroid, writes: "Of the function of the parathyroids 
little is known at present; they appear to be connected with 
the thyroid and perhaps to have some special relation to the 
nervous system." The facts submitted in the two preceding 
sections appear to me to elucidate several features of the 
problem. 

D. A. Welsh,” after an elaborate anatomical and experi¬ 
mental research upon the parathyroid glands, concludes: “The 
anterior lobe of the pituitary body bears a close resemblance 
'in some of its structural features to the parathyroid glands: 
(1) In both there occur two kinds of cells, the one characterised 
by a homogeneous diffusely staining protoplasm and a relatively 
large pale nucleus, the other by a relatively small dark nucleus 
and an oxyphile granulation of its protoplasm. (2) In both 
there may occur acini whose lumina may be occupied by small 
lobules of colloid substance, or, more sparsely, larger spaces 
containing larger masses of colloid." 

The resemblance to the anterior pituitary asserts itself 
even more strongly when various facts recorded by Welsh are 
compared with some quoted from Launois’s work—that re¬ 
viewed in the preceding section. Thus, we have seen that the 
parenchyma of the anterior pituitary waq composed of leuco¬ 
cytes distributed promiscuously, and of anastomosing tubules 
separated by connective tissue partitions in which coursed the 
capillaries, arterial and venous. Welsh, in describing the paren¬ 
chyma of the parathyroids, refers to a type in which “the cells 
tend to be arranged in continuous anastomosing columns, be¬ 
tween which connective tissue septa and capillary channels are 
found." Of another type he says: “The irregular cells occur 
irregularly scattered among the principal cells, either singly or 
in groups of three or four, without definite arrangement." 
These cells, as he also states, have "a very characteristic and 
constant structure” while their protoplasm "shows a dis¬ 
tinct fine granulation. The granules are highly oxyphil* and 
readily take up serin and other dyes." He says, moreover, that 
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“they show a striking resemblance to the granules of the ery- 
throphile cells of the pituitary body, which are *also eosino¬ 
philic.” 

Occurring in greater number than the ozyphiles is that 
type of cell which Welsh designates as the “principal” cells. 
These also “may show considerable variation both in the detaiU 
of their structure and, more particularly, in their arrangement 
within the gland.” He also found that their protoplasm 
“stains very variously, being sometimes exceedingly clear and 
faint, at other times darker, with very fine basophil* granula¬ 
tions. Differences of staining may occur in cells lying side by 
side in the same acinus.” These facts suggest pointedly that, 
as is the case with the anterior pituitary, the cellular elements 
of the parathyroids include leucocytes. 

Such a conclusion is further sustained by the fact that the 
proportion of cells is a fluctuating one. Indeed, as stated by 
Welsh, “the granular oxyphile cell may not be present at all.” 
If we were dealing with organized epithelial tissues, the ele¬ 
ments themselves would not disappear. Again, as stated by 
Rogers and Ferguson, ia referring to human parathyroids, “they 
are small and they rapidly decompose or rather undergo auto¬ 
lysis; hence the ordinary dissecting-room cadaver cannot be 
utilized for their study.” This is readily accounted for when 
its cells are regarded as leucocytes, for we have seen that leuco¬ 
cytes contain ferments, adrenoxidaee, etc., *.s., various digestive 
triads. Again, such a structure—a delicate spongy framework 
in which the parenchyma of a true secreting organ is replaced 
by blood-fluids, colloid material and flowing, ammboid cells— 
should be readily compressible and easily influenced by blood 
tidhs. In describing the parathyroids, MacCaUum M writes: 
“In color they are of a clear light brown, which may be ren¬ 
dered pale by anaemia and the accumulation of fat, or converted 
into a brownish-red by congestion. It is particularly this light 
b ro w n color, together with their flabby softness, which makes 
them easily recognizable.” 

This evidence only permits of one conclusion, however, viz., 
that leucocytes penetrate into the parathyroids , and secrets their 
granulations therein. 



What is the identity of these leucocytes? The cells to 
which Welsh refers as varying greatly in number, and even aa 
absent at times—thus emphasising their migratory nature—are 
granular ozyphiles which “readily take up eosin/* This hap¬ 
pens to coincide with the leucocytes, which take np iodine phy¬ 
siologically. 

Iodine is now generally recognised as the wain active 
principle of the parathyroid secretion. Gley found** that the 
relative proportion of iodine was six times greater in the para¬ 
thyroids than in the thyroid in dogB, and twenty-five times 
greater in the parathyroids than in the thyroid in rabbits. 
Pagel** also found iodine in the parathyroids. Now iodine is 
not only taken by eosinophile leucocytes, but these particular 
cells are found in the alimentary canal and tend to accumulate 
in certain organs—thus accounting for their accumulation in 
the parathyroids. 

That leucocytes absorb iodine under normal conditions 
was recently demonstrated by M. Labbd and Lortat-Jacob." T 
Labb6,** alluding to this paper, writes: “Immediately after in¬ 
jecting either Gram's solution or iodine dissolved in vaseline 
into the peritoneum [of various animals], certain leucocytes 
may be seen to have takfen it up, the drug forming a yellow 
crescent in the periphery of their protoplasm. Soon, this col¬ 
oration disappears and the yellow crescent » replaced by a 
‘rocky* (ate) formation indicating the modification undergone 
by the iodine in the interior of the leucocyte. Its presence 
may be discerned by chemical reagents: a saturated solution 
of sublimate gives a brown precipitate if the cell contains iodino 
only, and a mixture of brilliant red and reddish-brown pre¬ 
cipitate if an iodo-iodine solution has been absorbed by it. 
These reactions are no longer obtainable after a certain time, 
a fact which appears to me to indicate a more complete 
transformation and assimilation of the iodine by the protoplasm 
of the cell. With starch the reaction is still more temporary 
and disappears much more rapidly.” The author states, more¬ 
over, that when iodine is assimilated and ipcorporated into the 
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organic molecule, it is no longer possible to detect it, at least 
by ordinary methods, end that “it is thus found combined is 
thyroidine in the thyroid." This applies as well to the para¬ 
thyroids, since we have seen that they also contain iodine. 

The fact that eosinophiles, Welsh’s “oxyphiles,” are not 
phagocytes suggests that these cells do not take up iodine. Not 
only do they absorb it in eosihophilia—though less actively than 
neutrophiles—but the fact that, in normal animals, the absorp¬ 
tion occurs through the surface or periphery of this cell—a pro¬ 
cess which differs from the "englobing” peculiar to phagocytes 
—suggests that the eosinophiles must carry on the physiolog¬ 
ical rfile of taking up this halogen—owing, I may add, to its 
identity as a specific tissue constituent. Drawn chemotactically 
to any region in which iodine appears, the alimentary canal, the 
subcutaneous tissues, the blood, etc., the cells then travel to 
the organ in which it is either stored or used physiologically. 
Indeed, while Opie, n in a searching analytic study of this 
leucocyte, states that “large accumulation*" of them “are not 
infrequently noted in various organs” .... “notably in the 
mucosa of the gastro-intestinal tract, in the mucosa of the air 
passages, in the lymphatic tissues and in the spleen.” Levaditi** 
quotes the observations of Seifert and Lcredde that the use of 
potassium iodide is accompanied by an increase of eosinophiles 
in the blood. The “digestion leucocytosis” affords a clear ex¬ 
ample of the process, though in the present connection the 
oxyphile-eosinophiles play the active rdle when iodine or the 
iodides are ingested or injected subcutaneously, and transfer 
them to special tissues, including the parathyroids. 

What is the relationship of these cells to the elaboration of 
the iodine-laden secretion of the parathyroids? 

This is met, to a certain extent, by the observation of 
Labb6 that the iodine is transformed chemically in the leuco¬ 
cytes—to such a degree, in fact, that after a given time, it 
forms part of a new molecule and can no longer be detected 
by tests which do not break down the latter. “These transfor¬ 
mations," says this investigator, “occur under the influence of 
the active formants contained in the body of the leucocytes; the 
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oxidant, the presence of which was demonstrated by Fortier, 
doubtless play on important rftle in these chemical reactions." 
This recalls a salient feature emphasised in a preceding chap* 
ter: that leucocytes are minute laboratories in which com¬ 
pound substances required by tissue-elements are built up ready 
for use. That we are dealing in the present connection with 
a physiological function carried on by certain leucocytes as else¬ 
where is evident; the specific function here being to elaborate 
a secretory product now supposed to be formed by glandular 
elements. 

This conclusion would appear to be weakened by the fact 
that iodine in relatively large quantities may be obtained readily 
from the parathyroids and, therefore, before it is bound up in 
the organic molecule. This does not hold, however, in view of 
the fact that the leucocytes studied by Labb£ and Lortat-Jacob 
were observed in vitro. The intracellular transformations 
noted, therefore, exemplified those which occur after the 
specific leucocytes enter the parathyroids, even though on 
reaching the organ the iodine is still in a sufficiently free state 
to he isolated. 

Ifcnow becomes a question as to the manner in which the 
eosinophiles dispose of their secretion in the parathyroid. 

The anatomical characteristics of a parathyroid correspond 
veiy closely with those of the anterior pituitary. It is also di¬ 
vided into tubules by a reticulum. Welsh, for instance, states 
that “from the deep surface of the capsule fibrous septa may bo 
given off which penetrate the gland and produce an irregular 
lobule formation." The 'lobules" are evidently tubular and 
contain leucocytes, for Carnot and Delion* 1 refer to the presence 
in tuberculous parathyroids studied by them of a leucocytosis 
“In. their epithelial gut-like tubes"—a fitting description of the 
anastomosing tubules. Their mode of penetration into these 
cavities—by migrating therein—is evidently the same as in the 
anterior pituitary, for, according to Minot,** “the capillaries 
between the cell masses .... may be regarded as sinusoids'* 
—the typical arterial channels found in the anterior pituitary. 

The Mood (and its. leucocytes) penetrates into the organ 
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alao by way of its pedicle end is distributed by s fan-like system 
of irrigating channels, as is the case in the anterior pituitsiy. 
MacCallum describes its supply as made up of a “stalk of 
minute blood-vessels which spring, in the case of the upper 
gland (unless it is greatly displaced), from the superior thyroid, 
while those supplying the lower gland arise from a branch of 
the inferior thyroid artery.** Welsh" states, however, that 
"only one artery, as a rule, enters each parathyroid, usually at 
its more tapering extremity. It then runs parallel to the long 
axis of the gland, and, qn transverse section, is found to occupy 
a more or less central position. From the central artery lateral 
branches are given off at frequent intervals along its course. 
They do not pass off at right angles to it, but radiate obliquely , 
being directed towards the broader extremity of the gland.” 

A parathyroid differs from the anterior pituitary, however, 
in that its blood is returned, at least in great part, after per¬ 
meating the organ, by venous sinuses underlying the capsule. . 
Thus Welsh writes: “The venous return is effected in two 
ways: (1) By venous branches accompanying the arteries and 
opening into a central channel which runs alongside the central 
artery and emerges with it. The veins into which thcsakvosscia 
discharge vary according to the position of the parathyroid. 
Thus they may join the venous branches on the surface of the 
thyroid. (2) Numerous venous channels lie immediately under¬ 
neath the capeule of the parathyroid, and form the delicate 
reticulum, which is a character of the naked eye appearance 
of the gland. Microscopically, they may appear as dilated, 
thin-walled einueee. They do not seem to have any constant 
course, but empty into oesophageal, tracheal, or thyroidal veins 
indifferently.** 

Interpreted from my standpoint, Welsh’s description 
indicates the itinerary of the eosinophiles in a parathyroid: they 
enter with the blood of the central artery and are distributed 
through the intermediary of its radiating branches. They 
migrate through the walls of these capillaries and into, the 
tubules where we found them. 

The nature of the functions of these endogenous cells 
may be surmised from their behavior in the anterior pituitary: 
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they secrete granulations in the tubules and these, dissolved 
in the plasma (including adrenoxidase, as will be shown) derived 
from the capillaries, form the secretion of the organ. We will 
see presently that "a homogeneous granular substance” which 
gives the reactions of the colloid is present around the vessels. 

What is the nature of the second type of cells, those to 
which Welsh refers as the "principal” cells? 

The fact that this author states that “no matter how deeply 
the cell protoplasm may stain, there is almost never any distinct 
granularity, and that in the exceptional instances in which it is 
present, the granules are exceedingly fine and take on only baric 
dyes,” suggests, in accord with the prevailing interpretation, 
that they are simply epithelial cells. Several features lead me, 
however, to consider them as basophile leucocytes. 

The absence of granulations does not militate against this 
view, since, as we have seen, in the fifteenth chapter, these cells 
readily secrete these products. The “principal” cells, consid¬ 
ered in this light, are merely basophiles which have shed their 
granulations. Levaditi states, in fact, that “basophile granula¬ 
tions resist but slightly dissolving agents.*” Like these leuco¬ 
cytes, ihe “principal” cells, as stated by Welsh, and also by 
K511iker, M are supplied with a chromatic network. They vary 
in size, thus showing transitional phases of development, which 
does not apply to true epithelium. In the pituitary, “basophile 
cells** which presented all the stain affinities peculiar to baso¬ 
phile leucocytes, were found by Launois to occur in groups and 
form a lining for the tubules. Welsh refers to a similar dis¬ 
posal of his principal cells. Another feature which militates 
against the presence of a true epithelium is that “the gran ular 
cells [eosinophiles, which vary greatly in number and may even 
be absent] occur irregularly scattered among the. principal cells, 
either singly or in groups of three or four without definite 
arrangement.” 

In the parathyroids, basophiles likewise penetrate into the 
tubules, for, as stated by Welsh, they form in certain 
areas “isolated masses” surrounded by a “fibrillar stroma” 
in which course “delicate capillaries” or “processes of dense 
fibrous tissues carrying large vessels.” They are evidently the 
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source of s secretion, for here and there they are dearly 
“groupe d In a single layer around a small circular lumen” con¬ 
taining a "colloid substance.” The eoainophile cells are also 
stated by Welsh to form "definite acini, the lumen being 
occupied by a mass of colloid material.” These are not true 
acini, however. As Petersen** says, the colloid "presses the 
cells into duct-shaped structures.” 

On the whole, it becomes apparent that, judging even from 
the meager histological work available, the parathyroids owe 
their secretory activity to the presence of two varieties of leuco- 
cytes which are known to secrete their products. That iodine¬ 
laden eosinophilic granulations should combine, when dissolved 
in the plasma, with the phosphorus-laden nudeo-proteid granu¬ 
lations secreted by the phosphorus-laden basophiles, and with 
the adrenozidase of the plasma found in the para thyroidal 
tubules, is not only suggested by the facts submitted, but also, 
as I will show in another section, by the actual presence of these 
substances in the parathyroid secretion. 

How is this secretion eliminated? 

The oxyphilea and basophiles arc mixed in certain parts 
of the organ, but on the whole those of the one variety tend 
to form closely packed groups, large areas appearing to be 
composed of only one kind of cell. This is apt to be the case 
near the capsule, in close proximity to the sinuses the latter 
contains. As these sinuses are channels for venous blood, they 
can hardly serve for the elimination of the secretion. It 
appears more likely that the colloid substance passes into peri¬ 
vascular lymphatics and through these to what Benjamins has 
termed the "parathyroid ducts.” In the ox, Welsh found "a 
duct-like structure** containing apparently several channels. 
Benjamins,** as had Kohn in 1886, also found passages to which 
he gave the above name. "The only histological indication of a 
duct in man” observed by Welsh “was met in sections of a large 
parathyroid, in which a few large spaces were found lying just 
outside the gland tissue. These spaces were lined by cubical 
epithelium, and were filled with colloid matter of different 
d egrees of density.” As this refers to the pedicle of the organ. 
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the duct or ducts accompanied the vessels. Welsh's observation 
harmonizes with that of Capobianco and Maniotto,** who found 
that the blood-vessels were surrounded by spaces that contained 
a homogeneous granular substance which gave the reactions of 
the colloid substance—the secretion. This fact [also urged by 
Biedl,***] suggests the identity of the channels which the secre¬ 
tions ultimately reach, for the description of the Italian 
investigators corresponds with that of perivascular lymphatics. 

The close functional relationship between the parathyroids 
and the thyroid, and the .fact that the former or their pedicle 
are sometimes embedded in the parenchyma of the latter—as I 
have observed in the ox, and as is often the case in the rat 
(Christiani) and common enough in the dog (MacCallum)— 
suggest that the secretion of the smaller organs is voided into 
the larger. In truth, as stated by MacCallum,*" “it is rare to 
And them [the parathyroids'! very intimately connected with 
the thyroid.” As shown in tine annexed diagrams, they are 
connected with vessels posterior to the latter. “Various irregular 
combinations of these relations occur,” says MacCallum, “and 
sometimes one or other of the glands is found quite widely 
separated from the thyroid.” In the illustrations annexed to 
Welsh's paper, some instances are shown in which they lie on 
the trachea considerably below the thyroid. Rogers and 
Ferguson** refer to an instance in which “a parathyroid gland 
was found on the middle of the posterior surface of the pharynx 
at the level of the lower border of the cricoid cartilage, being 
far distant from the nearest margin of the thyroid gland.” In 
Fig. 6 of the annexed illustration, although complete atrophy 
of one lobe of the thyroid had occurred, the parathyroid of the 
corresponding side is nevertheless present. The perivascular 
lymphatic networks afford a ready means for the transfer of 
the parathyroid secretion to larger lymphatics of the neck and 
through these to the subclavian veins, and finally by the superior 
vena cava to the heart, where it becomes mixed with the venous 
blood from the entire organism. 

The thyroid is in many respects a counterpart of the para¬ 
thyroids, as may be shown hv a few salient facts. The atruc- 
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ton of ifb framework has likewise been carefully studied by 
J. Marshall Flint.** "Almost the entire organ,” says this 
snatomist,"ia made np of follicles, the form and relations of 
which are retained by the connective tisane which embraces 
them” .... "small arterioles, venules and capillaries can be 
made out in the interfollicnlar framework or on the membranes 
which embrace the follicles” .... “at times fine bandies ran 
across the basement membranes. These, in some places, form 
the walls of the capillaries.” That such a structure is well 
adapted for the transmigration of leucocytes, as I have sug- 
' gested, is well shown in Fig. 1 of the annexed plate, which rep¬ 
resents the framework after its contents have been eliminated 
by Flint's digestive method. He also writes: "By many it has 
been supposed that the follicles.enlarge until they rupture like 
the Graafian follicles of the ovary, and that their contents are 
then carried to the systemic circulation through the lymphatics. 
Others have held that the products of glandular activity passed 
into the circulation through the membranes by osmosis. At 
any rate in the specimens of human, dog's and monkey’s thyroid 
where the membranes are distinctly visible, no evidence of 
rupture is seen in any of them. The meshes are unquestion¬ 
ably large enough for the nourishment and end-products of 
glandular activity to pass to and from the cells through the 
reticulated membranes.” 

The shape of the follicles is likewise that of the tubules 
in the parathyroids and anterior pituitary. Streiff** described 
them aa "ovoid saccules or short-branched tubules with frequent 
diverticula.” He concluded, however, that they did not com¬ 
municate, and teat they were separated by their connective tissue 
walls. Interpreted from my standpoint, such a structure an¬ 
swers'perfectly for the free immigration and emigration of leu* 
oocytes. Flint says in this connection: "While the shape of 
the follicles is, in general, ovoid or spheroid, they are so closely 
packed together that it is possible to find examples of almost 
any conceivable form; come are occasionally elongated, some 
polygonal, others prismatic, and still others almost cylindrical, 
but . tea predominating type is distinctly ovoidsl or spheroidal.” 
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fUi is weH drawn in the annexed plate, also Ikon Plinth 
paper, the walls being those upon which—aooording to my 
news—the leucocytes adjnet themselves in more or lose orderly 
fashion, to form the so-called “glandular epithelium.” 

That leucocytes—siid other blood constituents—traverse 
the meshes iof the framework is illustrated by the fact that 
Baber” foufid that the viscid fluid in the follides—the colloid 
—often.contains blood (and therefore adrenoxidaae); and fur¬ 
thermore, that large round cells “migrate into the interior of 
the gland-veiides." There are no round cells other than leuco¬ 
cytes in the blood that “migrate;” hence, in accord with What 
1 have shown in the case of the anterior pituitary and the para¬ 
thyroids, leucocytes evidently enter the follicles. Again, I 
have pointed out that the walls of the follides in die organs 
were formed of rows of leucocytes. Baber terms the migrating 
cells referred to “parenchymatous cells,” owing to their ten¬ 
dency to form part of the glandular parenchyma. 

That leucocytes, derived from intestinal canal or the blood, 
can reach the thyroid as they do the parathyroids, m., with the 
circulating blood, is self-evident Now, the characteristic stains 
of eoainophile and baaophile granulations are also reproduced 
in tbe thyroid': “All follicles which possess any considerable 
lumen contain a peculiar acidophils substance, known as 
colloid,” writes Ferguson,” “which is apparently formed ly the 
secretory activity of the glandular epithelium lining the fol¬ 
licles. Colloid is a homogeneous or very finely granular sub¬ 
stance which stains readily with mm*.” Again: “Occasionally 
a single large vacuole, often containing basophils granules or 
crystalloid partides, occupies the centre of the colloid mass in 
the large follicles.” 

In the microphotograph from Ferguson’s "Histology”” 
reproduced opposite page 1070 (Fig. 2), the leucocyte*—the 
supposed granular epithelium—are not arranged in tbe beauti¬ 
ful, orderly manner usually depicted by artists in the text¬ 
books: they merely spread out in dose proximity to each other 
promiscuously around the follides (a) and may even accumulate 
hidiscriminately (b). This differs widely from the true secreting 
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epithelium, that of the salivary glands, the minute epithelium 
ef the renal convoluted tubules, the intestinal epithelium, etc. 

The granules evidently originate from the cells, for 
Ferguson states that “the cytoplasm of the epithelium is finely 
granular and decidedly acidophile” and that “minute spheroidal 
granules which give the color reactions of the colloid are also 
found in the cytoplasm of the epithelial cells/’ Finally, ho 
refers to the fact that Hiirthle, “by staining with the Biondi- 
Ehrlich mixture-, succeeded in differentiating two types of cells, 
one lightly staining, the ‘chief cells,* the other, a darker colloid- 
containing type which he designated as ‘colloid cells/” The 
correspondence with Welsh’s parathyroid “principal cells” and 
the eosmophiles which form acini “occupied by a mass of colloid 
material” is obvious. 

The manner in which the secretion reaches the circulation 
coincides also with the corresponding process in the pituitary 
and parathyroids. King long ago traced it to the lymph-ves¬ 
sels. Biondi 1 * found that the special secretion of the thyroid 
in reptiles, apes and other mammalia was produced by the cells 
lining the follicles and is poured out into the neighboring 
lymph-spaces. Zielinska 1 " showed that although the colloid 
varied in amount in the thyroids of dogs, the lymph-spaces un¬ 
der the capsule and the parenchymatous lymphatics always con¬ 
tained some. Vassale and de Brazza 17 discovered, around the 
follicles of the thyroid, a rich network of lymphatics filled with 
colloid substance from the follicles; and also a similar network 
in the capsule of tho gland. Finally, Zielinska 1 * found a colloid 
substance identical with that in the lymphatics of the gland, in 
the lymphatic vessels in the neighborhood of the organ. It is 
evident, therefore, that, as is the case with the parathyroid 
secretion, it passes to the larger cervical lymphatics; through 
these to the subdavian veins, and finally by way of the superior 
vena cava to the heart. 

The nerves of the thyroid have alone been carefully 
studied. Farameschko found that both the arterioles and the 
parenchyma were supplied with fibers, while Crisafelli showed 
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that tile veaadjp were sumundad by plexuses which also in- 
waived tbe ptnechjiu. Using the Uolgi method, Andamson** 
h«^ also noted that they followed the vessels to the letter, bat 
Berkley** wee first to show their true distribution by the Golgi 
method, vie., “» meshwork of fibers situated almost immediately 
upon As basal Surfaces of the epithelial cells of the follicles.” 
Interpreted train my standpoint, the meaning of this is obvious: 
the basal membrane facing the interior of the tubules u lined 
with a meshwork of fibers and it is upon these that the leuco¬ 
cytes lie. 

That the thyroid and the parathyroids are morphologically 
very similar as to the nature of their cellular elements is evi¬ 
dent. Another feature asserts itself in the light of the evidence 
submitted above: the secretions of both sets of organs—thu 
thyroid apparatus as Gley calls them—meet in the superior 
cava and passing to the heart, must inevitably become thor¬ 
oughly mixed therein; and then proceed with the venous blood 
from the organism at large to the pulmonary alveoli, where, as 
I will Bhow in another section, they arc taken up by the red 
corpuscles to-be distributed to the body at Large—including thu 
anterior pituitary body. 

This evidence has served mainly to suggest that l>oth the 
thyroid and the parathyroids, as well as tlic anterior pituitary, 
owe their functional activity to leucocytes and that these cells 
are their only secretory elements. This means much when 
the functional relationship between the parathyroids and the 
thyroid is token into account, since, as will be shown in the next 
section, these organs jointly influence the functional activity 
of the test-organ and through it the secretory activity of the 
adrenals. The secretion of the latter liccoming, when converted 
into adrenoxidase, the active agent in the vital process, the 
thyroid and parathyroids supply a link with the vital mechan¬ 
ism on the one hand, and on the other, through the leucocytes, 
another link with external agencies whether these be intro¬ 
duced through the alimentary canal, the subcutaneous tissues 
or the veins. From the standpoint of therapeutics and im¬ 
munity, this fact is of commanding importance, since it places 
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vital activities through the thyroid apparatus and enh a n c e, as 
we will see presently, the functional efficiency of the processes 
through which the body protects itself against disease. 

On the whole, the following conclusions appear warranted: 
(1) the thyroid and parathyroids are not > at now believed, true 
glandular organa; (2) they are composed of a capsule contain- 
eng a sponge-like connective-tissue reticulum, the meshes of 
which form closed tubular cavities lined with a basement mem¬ 
brane, the follicles; (3) the follicles are not supplied, as now 
believed, with a secreting epithelium; (4) their secreting cells 
are leucocytes derived "from the alimentary canal or the circu¬ 
lation, which enter the organ with its blood, migrate through the 
walls of the capillaries in the interfollicular septa and the septa 
proper, and fix themselves to the follicular basement membrane 
more or less evenly side by side; (5) the granules of these leuco¬ 
cytes are secreted in the follicular fluids and represent the active 
constituents of the colloidal secretion; (6) the secretions of both 
organs (thyroid and parathyroids) leave them through their 
lymphatics and ultimately reach the superior vena cava, the 
heart, and the pulmonary alveoli. 

What is the rdle of the secretion formed by the joint action 
of the thyroid and parathyroids? 

THE ADRENAL SYSTEM (THE THYROID APPARATUS, ANTERIOR 
PITUITARY AND ADRENALS COMBINED) AS THE 
AUTO-IMMUNIZING MECHANISM 07 
THE ORGANISM. 

In the first volume, which appeared in January, 1903, 81 I 
pointed out that the physiological function of the thyroid gland 
was “to sustain the functional efficiency of the anterior pitui¬ 
tary body up to a certain standard, by means of its secretion.” 
Considerable evidence was also submitted, showing that the 
thyroid secretion, by stimulating the anterior pituitary, sus¬ 
tained the secretory activity of the adrenals, and therefore 
the activity of the metabolic processes in all tissues; and 
furthermore, that the three organs thus functionally related— 

" Of. Wm Mon thly Crete. 0 * Praat. Mad., Jan., IMS; PblladalpU* 1M. 
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the thyroid, the anterior pituitary and the adrenala—consti-. 
toted what I termed the “adrenal system.” 

Although many years have elapsed since 1 advanced these 
views, and the organs 1 involved have received greater attention 
than ever before, my position has not been weakened, while 
conversely, all solidly established experimental or clinical facts 
that have come to my notice have only served to demonstrate 
the strength of the doctrines I have urged. 

In the present volume, I have submitted so far considerable 
additional evidence to the effect: (1) that the adrenal substance 
on being converted into adrenoxidase, is the oxygeniaing agent 
of the entire organism, and (2) that the anterior pituitary body 
—its test-organ—governs the functional activity of the ad¬ 
renals and, therefore, general oxygenation. The third organ 
of the adrenal system, the thyroid (including the parathyroids, 
the secretion of which is included in that distributed to the 
pituitary, and also in the thyroid extracts we use), will now be 
shown to fulfill the rfile I had originally ascribed to it. 

The cardinal rfile of the anterior pituitary body, as the 
governing center of the adrenals, being to regulate oxygen¬ 
ation, diminution of its functional activity must entail a corre¬ 
sponding reduction Of the oxygen supplied to the body at large 
and, therefore, a reduction of the general temperature. We 
have seen that removal of the pituitary body or of the adrenals 
is attended by a steady decline of the temperature, and that 
this is a characteristic symptom of Addison's disease. On the 
other hand, I have shown that the anterior pituitary body was 
the general heat center and that it raised the general tempera¬ 
ture by s timulating the ad^pnals and, therefore, the oxygenation 
of the body at large. Under these conditions, if, as I hold, the 
functional activity of the anterior pituitary body is sustained 
by the secretion of the thyroid gland, ovenctivity of this organ, 
or thyroid extract, should cause a rise of temperature, while 
conversely, removal of the gland or disorders capable of re¬ 
ducing its efficiency as a secreting organ should cause a fall of 
the temperature. Ample physiological and clinical testimony 
is available to demonstrate that these conditions are satisfied. 

From the standpoint of physiology. Geo. B. Murray,* 1 

«0. a. Nvm: Brit MM. Jtosr.. in. S, UN. 
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after describing the morbid phenomena that occurred jn a rab¬ 
bit after incomplete removal of the thyroid, refers to the "simi¬ 
larity between the condition developed and that which develops 
•in man and in monkeys after thyroidectomy, as shown by 
the hebetude, swelling, loss of hair, dryness of skin and low 
temperature.” J. Lorrain Smith" observed "a steady fall of 
body temperature” in every animal (cats), in which he had per¬ 
formed thyroidectomy. Edmunds* 4 states that after removal 
of goiters the temperature is "generally subnormal.” In the 
cat, Jeandelize** noted a fall of nearly 3° C. (5.4° F.) though 
the animal was not then moribund, three days after "para¬ 
thyroidectomy,” meaning thereby the careful removal of tho 
thyroid and parathyroids. In a kitten in which he had left 
two parathyroids, he also observed “lowering of the tempera¬ 
ture,” though the post-operative life was prolonged. Beferring 
to experiments by Gley, Bouxeau and Hofmeister in rabbits, in 
which removal of the thyroid was followed somewhat later by 
that of the parathyroids, Jeandelize states that "paralysis, hy¬ 
pothermia and chronic phenomena seemed to dominate tho 
scene.” Bouxeau** in fact states that in his animals “hypother¬ 
mia was practically constant and often rather accentuated from 
the start.” This applies to all animals, including man. 

Conversely, the effects of thyroid extract on the tem¬ 
perature are well known. Thus Chantcmesse and Marie, and 
Ballet and Enriquez (Popoff* T ) observed a rise of temperature in 
animals after the administration of thyroid extract. Similar 
observations have been recorded by Guforguiievsky,** Boume- 
ville** and others. Lewis C. Bruce,* 0 having used it in 60 cases, 
found that it caused fever. In an experimental study Ott 01 
was also led to conclude that thyroid produced a rise of tem¬ 
perature, i.e., that it was "a pyrogenic agent.” “That thyroid 
overdosage does quicken the pulse, raise the temperature and 
cause loss of weight,” says F. C. Shattuck,** "admits of no 
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doubt.” He refer* to u cue in which, under the influence of 
excessive doses, the temperature from subnormal rose to 
108° P. 

* Additional evidence from the standpoint of clinical medi¬ 
cine is afforded by the fact that the two diseases now generally 
ascribed to inadequate activity of the thyroid, myxoedema and 
cretinism, both present hypothermia as a prominent symptom. 
Thus while Osier and Norton* 1 state that the temperature of 
cretins is “invariably subnormal” and that “they Buffer from 
cold,” Tyson* 4 says that in myxoedema “subnormal temperature 
is characteristic, though in the early stages the temperature 
may be normal or slightly above. In winter the patient always 
feels cold and hugs the stove.” L6vi and de Rothschild* 4 have 
shown recently, moreover, that aside from these diseases, a 
large number of disturbances attended with hypothermia, ob¬ 
jective and subjective, and often accompanied by vasomotor 
disorders, cyanosis, neuralgia, chilliness, etc., are in reality due 
to hypothyroidia and yield to thyroidal treatment. Hertoghe* 0 
refers to a case in which recurrent chills had suggested the use 
of quinine in large quantities; then, on the plea that hysteria 
was present, to the equally fruitless use of the bromides. Tho 
chills yielded promptly to thyroid extract, but returned as soon 
as its use was discontinued. 

Suggested in this connection is the fact that the process 
through which the temperature is raised or depressed by the 
thyroid apparatus or its extracts has remained obscure, though 
many tentative theories unsupported by evidence have been 
vouchsafed. This is a normal result of the fact that, as em¬ 
phasised by Laulanie (1905),” physiologists (“we”) “are 
absolutely ignorant of the mechanism of organic oxidation.” 
With the adrenal secretion as the basis of oxygenation, the test- 
organ of the anterior pituitary body as the adrenal center, and 
the secretion of the thyroid apparatus as the physiological stim¬ 
ulus of the test-organ, we have an explanation sustained not 
only by physiological and clinical evidence, but also, we have 


•C»elo. of Prut. Med ” 
e, ,r third odlttao, p. STS, 


■ Ooter and Norton: 

“Troon: "Proctice of Modlelne. ... 

■ Lori ud do Rothoehlld: C. r. do In Soe. do Mol.. Oat- A 
La mSd. pratlqna. Nor., IMS. 

— i do phjototosfa" Porte, IMS. 


roi. iii, p. m. 



1076 uDooomi and aomnil whim m THBummo, am 


seen, by the teachings of comparative sotilogy and physiological 
botany. 

Again, 1 have pointed out that, owing to its rdle as the 
governing center of the adrenals, and, therefore, of general 
oxygenation, the test-organ of the pituitary governed tissue 
metabolism. If the thyroid gland sustains, by its secretion, 
the functional efficiency of this organ, and, through it, oxygen¬ 
ation, it should also influence metabolism. Here again, phy¬ 
siology and clinical medicine harmonise in showing that this 
influence is very marked. 

Bemoval of the thyroid, we have seen, causes a steady fall 
of the temperature. This should, if my view that this organ 
influences oxygenation through the adrenals is sound, reduce 
the proportion of secretion in the blood and cause a corre¬ 
sponding reduction of its power to take up oxygen. Albertoni 
and Tissoni 00 observed that after thyroidectomy “the blood 
showed less power to fix oxygen.” Again, as I have shown 
that the adrenal secretion formed part of the haemoglobin 
molecule, the latter should show diminution: Masoin 00 found 
that “the relative quantity of oxyhemoglobin in the blood was 
diminished in proportion as the morbid results of thyroid- 
ectomy progressed.” That the thyroid should be able to in¬ 
fluence metabolism under these conditions is evident; that it 
does so is made apparent by the following testimony:— 

Swale Vincent 100 published some years ago such a succinct 
and withall comprehensive review of the subject that excerpts 
from his text will be submitted as evidence:— 

“The discovery of iodine in the thyroid gland by Bau¬ 
mann 101 and the isolation of thyroiodin as the probable active 
principle led observers to test the action of this last upon 
metabolism. Treupel, 100 Grawitx, 100 David, 104 and Dinkier, 100 
by observations on the human subject, and Boos, 100 who used 
a small dog, came to the conclusion that thyroiodin influenced 
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metabolism in the lime way aa the thyroid gland 
itaelf, in that the body weight diminished and the nitrogen 
secretion increased. 

“Some experiments of short duration are recorded, di¬ 
rected to the estimation of tlic oxygen taken in and the carbon 
dioxide given out during thyroid administration. These res¬ 
piration experiments were carried out after the Zuntx-Gep- 
pert method. Magnus-Levy 1 ** found in a normal man*-duriug 
the exhibition of thyroid glands a not veiy distinct increase of 
the oxygen intake and the carbonic acid output. Later ex¬ 
periments by the same author 1 *" on a myxaedematous patient 
gave, on the other hand, an increase of 80 per cent, in tho 
oxygen intake under tho influence of thyroid, and 43 per cent, 
under the influence of iodothyrin. 

“The experiments of Stiive 1 ** on a healthy man showed 
an increase of oxygen intake of 30-23 per cent., and a some¬ 
what smaller increase of carbon dioxide excretion. Thielo and 
Nehring*** also found an increase of oxygen intake amounting 
to 20 per cent.; the carbon dioxide output was smaller and 
irregular. .... Schondorff 111 has performed a series of very 
careful experiments of long duration upon dogs, and has 
reached the conclusion that metabolic processes are distinctly 
increased by the administration of thyroid substance. There 
is at first no influence on proteid metabolism, but an increase 
in nitrogenous excretion from increased elimination of nitro¬ 
gen-holding extractives already present in the body. The body 
fat is first used up. After a certain period, however, the pro¬ 
teid is also attacked. On stopping the thyroid administration, 
the metabolism returns to normal, while renewed administra¬ 
tion leads to increased nitrogenous excretion.” 

This occurs likewise when the thyroid gland is overactive, 
as in exophthalmic goiter. Hirschlaff 111 found the “metabolic 
processes most surprisingly active.” In one case the gaseous 
interchange was found 77 per emit, greater than that of a nor- 
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mol girl of about the same weight. Salomon 11 * also found the 
0 intake decidedly increased. Schols 11 * found that when thy¬ 
roid extract was administered to such a case the excretion of 
phosphoric acid was increased tenfold, while in a normal sub¬ 
ject the increase was only SB .per cent. The great increase of 
0 intake is often such as to cause considerable discomfort, 
which the patient describes as “flushings,” “hot waves,” etc. 
The emaciation, rapid breathing, duskiness, muscular cramps, 
etc., also point to excessive oxygenation. 

Easterbrook, 11 * after a careful study of the influence of 
thyroid extract in a large number of cases of various kinds, 
concluded that “thyroid is a profound catabolic stimulant,” and 
that “it greatly accelerates the splitting up and oxidation of 
the tissues.” Administered in exophthalmic goiter (before the 
cachectic or breaking-down period) thyroid extract should 
prove harmful. Tyson, 11 * referring to Greenfield, states that 
“thyroid in excess produces tachycardia, tremor, headache, 
sweating, and prostration, symptoms of Graves's disease,” and 
that “when administered during the disease, it aggravates the 
symptoms.” This applies also to parathyroid extracts. James 
J. Walsh 111 concludes, after using the latter, “I do not think 
that parathyroid extract produces any benefit in cases of 
Graves's disease, and that if employed in large doses, even for 
a few days, or in small doses for many days, it will produce an 
exacerbation of symptoms not unlike those which are produced 
by the ingestion of a certain amount of thyroid substance.” 

All this shows clearly the marked influence of the thyro- 
parathyroid apparatus upon the intake of oxygen, the output 
of carbon dioxide, phosphoric acid, nitrogen, etc., i.e., upon 
metabolism—precisely the function carried on by the adrenals 
through the intermediary of the anterior pituitary. 

That overactivity of the anterior pituitary is capable of 
causing excessive metabolism and ovemutrition, is emphasised 
by the osseous and muscular overgrowth that occurs in the 
erethic stage of acromegaly. Marie termed this disease a “sys¬ 
temic dystrophy” of pituitary origin, while Tamburini, Harlow 
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Brooks, and .Mitchell And Le Count, as stated in tfao first vol¬ 
ume, and more recently by D. D. Lewis*** have shown, not only 
that the anterior lobe was the seat of the lesion, but that the 
latter was due to “hyperplasia of the chromophile cells’*—a 
suggestive condition in view of my interpretation of the func¬ 
tions of this organ. Benda’s 11 * conclusion (1891) that this 
probably indicates “an excessive activity of the gland,” Woods 
Hutchinson's?** belief that the pituitary “is the growth center 
'or at any rate the proportion regulator of the skeleton,” indi¬ 
cate that, although unaware of the nature of the process, in¬ 
vestigators have connected the pituitary with nutrition. This 
applies as well to the question in -point: Fuchs'*' remarks in 
a study of the tumors of the pituitary: “Very important in 
this connection is tlie influence exerted by the pituitary upon 
the bodily metabolism.” 

Besides its direct action on all tissue cells, the thyroid 
secretion can, through the anterior pituitary and the adrenals 
influence general oxidation. Here again, the prevailing obscurity 
as to the manner in which thyroid extract influences metabolism 
affords in itself cogent testimony in favor of an interpretation 
which accounts so readily for recorded experimental and clinical 
facts. This liecomes all the more evident when we realise that 
physiologists have failed to explain metabolism, as shown by 
Foster’s previously quoted conclusion that, after all, it “con¬ 
sists of guesses and gape.” With the thyroid apparatus as the 
source of a secretion which sustains the functional activity of 
the anterior pituitary, i.e., of the sensory test-organ which gov¬ 
erns the adrenals, and with the adrenal secretion as the active 
factor in metabolism, with the systemic thyroid secretion sustain¬ 
ing catabolism, we have a chain of solidly forged links. 

The functional relationship between the thyroid, the an¬ 
terior pituitary liody, and the adrenals is further shown by the 
fact that each of these organs, when overactive, can provoke 
glycosuria. I pointed out this fact in the first volume' 1 * and 
submitted additional evidence in the present volume 1 ** as to 
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the rflle of the pituitary and adrenals. The supplementary 
evidence concerning that of the thyroid need alone, therefore, 
be adduced. 

That overactivity of the thyroid can cause glycosuria is 
shown by the fact that it is commonly observed in exophthalmic 
goiter, a disease in which the thyroid is admittedly overactive. 
In some cases, in fact, glycosuria occurs prior to the develop¬ 
ment of the more typical symptoms of the disease, exophthal¬ 
mos, enlargement of the thyroid, etc. Cases in which the 
sugar occurs as a symptom of the general disease—those which 
interest us in the present connection—have been reported by 
Lauder Brunton, 1 * 4 Barnes, 1 ” Launois, 1 ” who refers to twenty- 
six cases reported by others, including two by L6pine, Souques 
and Marineaco, 1 ” Kleinwachter, 1 ” Pitres, 1 ” and many other 
clinicians. 

That irrespective of such diseases, overactivity of t)ie thy¬ 
roid can provoke glycosuria has moreover been pointed out by 
Arnold Lorand, 1 ” who found that thyroid extract exceeded 
adrenal extract in activity in this particular, and that it could 
bring on glycosuria, “and even its higher degree, true diabetes.” 
Bosanquet 1 * 1 observed a case of combined “diabetes and myxce- 
dema.” Many such have been reported; but this is not true 
diabetes: it is the form in which, aB I have previously shown, 1 ** 
the ingested sugar is absorbed and eliminated without first be¬ 
coming converted into glycogen. It may also occur, in fact, in 
the terminal or cachectic stage of acromegaly. 1 ” But this does 
not, in the least, invalidate the fact that overactivity of the 
thyroid also evokes glycosuria by causing indirectly a too ac¬ 
tive conversion of glycogen into sugar. Lorand found that 
“by giving thyroid extract all the symptoms of true diabetes 
could be produced,” and refers to cases recorded by Ewald 1 * 4 
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and Biclire/** In which diabetes was brought on by “treat¬ 
ment with large doses of thyroid extract.” 

That a functional link exists between the thyroid and the 
anterior pituitary body in this connection is well shown by the 
fact that in cases of acromegaly (the true form of which is 
due to hypertrophy of the anterior pituitary only, as shown by 
Tamburini, 1 ** Harlow Brooks, 1 ” Lewis and others) in which 
diabetes is present, the thyroid is also found “hypertrophied, 
with much colloid,” as illustrated by cases reported by 
PineJes, 1 ** Hansemann, 1 ** Fernand, 14 * Harlow Brooks, 141 Dalle- 
magne, 14 * and others. 14 * Indeed, lAincereaux 144 and others have 
reported cases in which acromegaly, exophthalmic goiter and 
glycosuria were present simultaneously. 

Once more are we confronted with a condition, the patho¬ 
logy of which has remained obscure. Tyson, 14 * for example, 
states, referring to diabetes, that “there is no disease concern¬ 
ing which so much accurate knowledge has been arrived at. 
and of the true pathology of which we arc so thoroughly in 
the dark.” An overactive thyroid, by exciting the anterior 
pituitary and through its test-organ, the adrenals, accounts 
clearly for at least one way in which it can lie produced. (We 
will sec elsewhere that many drugs and poisons can cause it by 
exciting directly the test-organ.) As previously shown, the 
investigations of Blum, Cmftan, Hertor and others have dem¬ 
onstrated that adrenal extractives produce glycosuria. 

Now that the relationship between the thyroid and tissue 
metabolism, £.«., the vital process—through the intermediary 
of the anterior pituitary and the adrenals—has been shown, 
many clinical facts find a logical explanation which so far 
have only been accounted for by tentative hypotheses devoid of 
foundation. 

Osier and Norton 14 * state that “thyroid extract has revo- 
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lutionized the treatment of arotiniam/* and that mdh “children 
show a moat astonishing rapidity of growth during the Srst 
months or a year of treatment,” after which “growth proceeds 
gradually as in healthy children/' Along with development of 
the intelligence, the adjustment of functions to the normal, 
etc. Now, in this disease, as in myxoedema, its kindred die* 
order in adults, the vital processes are not carried on with suffi¬ 
cient activity, and—in the light of my views—thyroid extract, 
fay stimulating the adrenal center, raises all vital functions to 
their normal standard fay promoting general nutrition. Hence 
also, the value of thyroid extract: in arrested growth, irre¬ 
spective of cretinism, as shown by Hertoghe, 14T Schmidt, 14 * and 
others; for delayed union in fractures by Gauthier, 144 Bayon, 140 
and others; chronic osteomyelitis by W. J. Taylor, 1 * 1 etc., and 
other conditions in which the vital and reparative processes are 
sluggish. 

All this is further emphasized by the influence of thyroid 
extract upon accumulated wastes, fats, etc. In enhancin g meta¬ 
bolism, it naturally promotes destruction of these substances; 
in other words, as stated by Easterbrook, thyroid extract is 
“a profound catabolic stimulant”; hence its marked action in 
obesity as shown by Charrin, 1 ** Magnus-Levy, 1 ** and many 
other clinicians, and its special efficacy as observed by French 
physicians in subjects that are also “pale, soft and flabby.” By 
stimulating metabolism, the fats are caused to break down— 
the first manifestation of adequate oxygenation. 

This applies as well to toxic wastes which accumulate when 
' metabolism is inadequate—a fact which accounts for the relief 
afforded by thyroid extract in the tetany that follows removal 
of the thyroid gland. The absence of thyroid secretion which 
this operation entails, by depriving the test-organ of its normal 
stimulus, reduces the secretory activity of the adrenals in pro¬ 
portion; the oxygenation of the entire organism being corres¬ 
pondingly impaired, the food and tissue wastes are inadequately 
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catabolised and accnmnlate in the blood, finally causing convul¬ 
sions. Herbivore, rabbits, sheep, oxen, hones, etc., whose food 
contains much less nuclein and other substances capable of 
forming toxic wastes, suffer less from tetany than carnivorous 
animals, cats, dogs, foxes, men, etc., whose food contains con¬ 
siderable of these noxious and spasmogenic bodies. Even in 
the latter animals, however, thyroid extract arrests the con¬ 
vulsions. 

The thyroid gland has long been known to neutralise or 
destroy toxic wastes, its secretion being thought to do so while 
circulating in the blood by some authorities, while others hold 
that this process is carried on in the organ itself. These views, 
however, have not been satisfactorily sustained. On the other 
hind, excitation of the adrenal center in the anterior pi¬ 
tuitary—the test-organ—and the resulting increase of the 
blood's oxygenixing (and therefore, catabolic) activity, accounts 
clearly for the beneficial effects observed os long as the extract 
is administered. 

This explains also the beneficial and sometimes curative 
effects of thyroid extract in the tetany of gastroenteritis, espe¬ 
cially in children, and idiopathic tetany as shown by Gott- 
atein,*** Maestro, 1 *" Levy-Dorn, 1 ** and other observers. While 
the spasmogenic toxics here arc derived directly from imper¬ 
fectly digested food-stuffs, the fact that toxic waste products 
are likewise destroyed under the influence of thyroid extract 
is shown by its marked action in puerperal eclampsia. This 
was first shown by Nicholson, 1 " whose aim was to antagonise 
“auto-intoxication,” thyroid proving curative when given in 
large doses. Nicholson's results have been corroborated by 
other observers. 

Here again we have evidence of concomitant overactivity 
of-the anterior pituitary. Lange 1 *" found in a study of 133 
cases, that the thyroid gland begins to enlarge during the fifth 
or sixth month of pregnancy and that eclampsia and albumin¬ 
uria occurred most frequently among cases (S3) which did not 
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bJjow ti»« enlargement. This indicate#—In the light of my 
views—overactivity of the organ, at a tune when the waste# of 
the foetus are such as to increase materially those of the mother, 
the object being to enhance the catabolic activity of the blood 
correspondingly. Hence the beneficial influence of thyroid ex¬ 
tract observed by Nicholson and others. That the anterior 
pituitary is the seat of a corresponding overactivity during 
pregnancy is shown by Comte/ 0 * who specified that “the hyper¬ 
trophy affected the glandular lobe alone." Launois and Mulon 10 * 
confirmed these observations and emphasize “the disproportion 
between the two lobes of the gland, the epithelial lobe being 
much larger, in comparison with the neural lobe, than under 
normal conditions." Histological examination of the organs 
showed, moreover, that they were “in a manifest state of hyper¬ 
activity.” 

As will be shown under their respective headings, thyroid 
extract has also proven beneficial in such disorders as epilepsy, 
tetanus, rheumatoid arthritis, etc., in which, as in eclampsia, 
toxic wastes are the pathogenic elements—all through its stim¬ 
ulating action upon the test-organ, the adrenal center. 

Adrenal extract, adrenalin, etc., have also' proven effective 
—due allowance being made for its ephemeral action—in dis¬ 
orders characterized by deficient oxygenation, hypocatabolism, 
etc. 

We have seen that adrenal extract and adrenalin provoked 
glycosuria: the increase of metabolic activity in the pancreas, 
and the resulting overproduction of amylopsin—the ferment 
which acts on glycogen—account for the phenomenon. The 
familiar action of adrenal on the tissues is also explained by the 
intense metabolic activity which it excites in the cellular ele¬ 
ments, owing mainly to its identity as a catalytic—a fact which 
explains' also the observation of Herter that glycosuria could 
be produced by applying a solution of adrenal into the pancreas. 
The vascular contraction it produces—thus insuring a bloodless 
field for operation—is also a normal outcome of the excessive 
metabolism it induces in the muscular elements of the vessels. 
This aeounts for the production of arteriosclerosis by adrenal 
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extractives, as shown by Jcaud,*” Erb, tM von Hsentkowski, 4 ** 
and others, since excessive constriction of the vsss vsaorom 
must normally produce denntrition of the vascular costs, with 
degeneration and fibrosis as results. Thus Councilman, 1 * 4 in a 
study of forty-one autopsies, found that in the nodular form 
the primary alteration consisted “in a degeneration or a local 
infiltration in the media and adventitia, chiefly about the rasa 
rasorum.” 

The usefulness of adrenal extract and adrenalin in condi¬ 
tions due to depression of vital activity, hypocatabolism, etc., 
likewise finds a logical explanation. In shock, a condition in 
which, as stated by Kinnaman, 4 ** “the most uniform and pro¬ 
gressive factor” is “the fall in temperature,” adrenalin, as 
shown by Crile, 1 ** is of great value when judiciously em¬ 
ployed. This investigator resuscitated animals by its use— 
with simultaneous artificial respiration—fifteen minutes after 
life had ceased—a normal result in the light of my opinion, 
since the adrenal secretion sustains the vital process in the 
tissue cells. In cases of asthma with lowered vasomotor tone 
S. Solia-Cohen 1 ** and Bullawa and Kaplan 1 ** found it effective: 
so did Mankovsky, 1 ** Floersheim,"* and others, in cardiac 
weakness and threatening collapse—especially, according to 
Boy-Teissier, m when there is dilatation and cyanosis. These 
are but few of the conditions in which adrenal extractives have 
been tried successfully. Here, however, aa in other disorders, 
they have proven effective only where the life-processes were 
more or less in abeyance. 

On the whole, we have now seen that the thyroid gland, the 
anterior pituitary and the adrenals influence temperature and 
metabolism in the same way, and that they awaken homolog¬ 
ous phenomena in many directions. That each of these struc¬ 
tures is capable of provoking individually such parallel effects 
would be illogical; indeed, no experimentally-sustained explana- 
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tion would be available to account for them. On the other 
hand, when the three sets of organa are considered as related 
functionally, i.e., aa the adrenal system, the phenomena 
awakened by each organ occur as normal results of its action 
upon the organ with which it is linked. Thus, the thyro-para- 
thyroid secretion enhances metabolism by exciting the anterior 
pituitary body, owing to the presence in the latter of its sensi¬ 
tive test-organ; the anterior pituitary in turn produces the samo 
effect by stimulating the adrenals through the nerve-path which 
unites it with these glands; finally, the adrenals also sustain 
metabolic activity through their secretion, the precursor of 
adrenoxidase. Of the latter substance I have had occasion to 
say: na “It is able not only to endow nonliving though viable 
proteids with vitality by bringing into play and governing the 
activity of various other physico-chemical bodies, but it can 
also sustain the vital process it has initiated in all the cells of an 
organism/* Recalling now that it is through the intermediary 
of leucocytes laden with exogenous products that the secretions 
elaborated in the thyroid and the parathyroids can produce 
such effects, and that toxic wastes are destroyed when excess of 
adrenoxidase appears in the blood, we obtain an insight into 
the means throngh which the body protects itself against dis¬ 
ease, t.s., of the mi medicairix natures. 

On the whole, in addition to the direct action of the thyroid 
apparatus on the tissues of the body at large: (1) the 
thyroid apparatus (the thyroid and parathyroids), the an¬ 
terior pituitary body and the adrenals are functionally interde¬ 
pendent and thus constitute the adrenal system; (8) the function 
of the thyroid apparatus is to supply "a secretion to the blood 
which enables the latter, while circulating through the anterior 
pituitary body, to excite its test-organ; (3) the function of the 
test-organ is to react sufficiently under the influence of the thyro- 
parathyroid secretion, to stimulate the adrenals and thus to sus¬ 
tain their secretory efficiency; (4) the function of the adrenals 
is to sustain oxygenation and therefore general metabolism—the 
vital process—by means of its oxygen-laden secretion, adrenoxi¬ 
dase; (5) if from any cause the functional activity of either 
one of the organs composing the adrenal system becomes inode- 
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gusts or excessive, general metabolism, and therefore the vital 
process, it influenced accordingly. Hence, (6) the functione of 
the adrenal system are (a) to sustain general metabolism and 
the vital process, (b) to protect the organism, when toxic wastes 
accumulate in the blood, by augmenting the proportion of adren-v 
oxidase supplied to the blood and therefore the antitoxic activity 
of the latter; (7) the adrenal system, therefore, is the body’s 
auto-protective or auto-immunixing mechanism. 


THE THYRO-PARATHYROID SECRETION AS THE SENSITIZING 
SUBSTANCE OF ALL CELLS AND AS THE PHYSIOLOGICAL 
EXCITANT OF THE TEST-ORGAN. 


As stated in the preceding section, the experiments of Gley, 
Mousse, and Vassale and Generali showed that the thyroid 
fulfilled trophic functions, while extirpation of the parathy¬ 
roids was followed by convulsive phenomena. This is sus¬ 
tained by a large number of experiments in animals and many 
clinical observations. In young dogs, for instance, extirpation 
of the thyroid alone provokes all the phenomena of cretinism; 
as stated by Jeandelize 17 * "the animals remain small, become 
apathetic; the face becomes wrinkled, the trunk broad, the 
belly rounded, the skin thickened and lobulated owing to 
myxeedematous infiltration, and the fur rough.*' Briefly, thy¬ 
roidectomy pure and simple provokes trophic disorders. 
Although Kiahi 174 has shown that dogs and cats may die 
after this procedure even though the parathyroids are left 
intact, the fact remains that even in carnivorous animals, 
including man, extirpation of the thyroid proper is not usually 
followed by death, but by the cachexia strumipriva of Hever- 
din and Kocher, i.e., myxoedema. 

Bemoval of both the thyroid and parathyroids, on the other 
hand, is generally fatal. Jeandelize collected 427 experiments 
of this kind on record, all in dogs. The mortality was 91.6 
per emit. Edmunds 17 * states that this procedure c au se s "almost 
invariably the following symptoms: tremors, convulsive at¬ 
tacks with rapidity of breathing and rigidity of limbs passing 
into paralysis. Death comes on within a few days, usually in 


** Kiahi: 


Im: Ime. eft. p. 41. 

Vlrehow'e ArcMr, Bd. churl. S. MO, IMt 
la: Practitioner, Apr., ISM. 



IQftH LBVOOCYTM AMD ADBMMAXt STSTBM IN tHBKAP AUTIOB, IfO. 


less **»»" a week." The same writer says also, however: "The 
■idmm of the four parathyroids only, leaving the thyroid 
proper, generally censes the earns symptoms with the earns 
termination. Indeed, Vessels and Generali 1 ” lost all their 
nine dogs in eights days; Moussu, 1 ” all of his eighteen dogs 
in from two to forty-six days; iAtsena, 1 ” all of his nineteen 
dogs in three days. Edmunds, 1 ” however, lost only four out 
of nine. Vincent and Jolly 1 ” found also that parathyroidec¬ 
tomy was not necessarily fatal. Be this as it may, the serious¬ 
ness of the procedure is self-evident; the mortality approxi¬ 
mates at least that which follows removal of the thyroid and 
parathyroids. 

This confirms the opinion first advanced by Gley iai as far 
bade as 1891, that the parathyroids are decidedly the most 
active organs of what he has termed the "thyroid apparatus." 
The reason for this became apparent when he found, as we 
have seen, that the secretion of the parathyroids differed from 
that of the thyroid in that it contained six times more iodine 
in the dog, and twenty-five times more in the rabbit. Although 
these relative proportions are doubtless subject to great vari¬ 
ations, they nevertheless suggest that the parathyroids are the 
source of the principle which endows the secretion of the 
thyroid with the greater part of its activating or rather ener¬ 
gizing property—probably, owing to the comparatively large 
proportion of iodine it contains. 

A striking feature concerning iodine is its uniform pres¬ 
ence in organic matter in combination with sodium, potassium, 
calcium, and magnesium. In the seas it is found in abundance 
in marine plants, especially the algse. Spring water was also 
found by Chatin 1 ” to contain iodine, but not at the spring 
itself, and only in water that had followed a course strewn with 
fragments of organic matter, animal and vegetable. It is also 
prant in the soil. Daubrfe 1 ” found it in the thermal waters 
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of Bouiboule-lea-Bains, and many mineral waters an known 
to contain it. While all waters in which iodine is present tend 
to e li min ate it (hence the greater quantity of iodine at the 
sea-ahore than elsewhere, and in rain-water) all living cells, 
animal or vegetable; have a marked affinity for it That it is 
an important constituent of the living organism is shown by 
the fact that all marine animals contain more or less of it, 
the European oyster and the cod probably the largest propor¬ 
tion. Fresh-water fishes, crustaceans and batrachians also show 
distinct evidence of its presence. We have seen that our blood 
is after all but a bit of the ocean circulating in our vessels 
and that, as stated by Claude Bernard, our cells live therein as 
fishes do in water. 

Chittenden, 1 * 4 however, justly urges that "the iodine in 
iodothyrin is certainly not active as iodine; the amount is too 
small.** How then does it act? 

Suggestive in this connection is the fact that the thyro- 
parathyroid secretion embodies not only the compounds that 
we found in the digestive leucocytes, but also nucleo-proteid 
and adrenoxidase. 

Some years ago, Halliburton 1 ** in the course of a paper on 
the internal secretions, remarked: “Among the earliest to 
investigate the proteids of the thyroid .was Bubnow, 1 ** and to 
one of these, thyreo-proteid, Notkin 1 " attributes the activity 
of the organ. He considers that its action resembles that of an 
enzyme or unorganised ferment." In a foot-note the author 
states that "the ferment-theory is also urged by White and 
Davies.** Again: "An investigation of - the thyroid-proteids 
was later made by Gourlay 1 ** under my supervision, and his 
conclusions are as follows: The only proteid that can be 
obtained in any quantity from the thyroid is a nucleo-proteid; 
this la deri’ d, at any rate in part, from the colloid material in 
the acini.** Halliburton says in this connection, that nucleo- 
proteid "is proteid in combination with nuclein, the phos¬ 
phorus-rich constituent of nuclei, but which is also found in 
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the protoplasm of cells”—thus proving that we are dealing 
with the compound we found elsewhere. Finally, he states 
that "Hutchison 1 *" confirms Baumann’s theory that the activity 
of the organ is accounted for by its proteid iodine-containing 
constituents; after removal of the proteids, thyroid extracts 
are of no use.” 

The last sentence shows clearly that iodine is hot the only 
factor in the action of the secretion and that its influence 
partly depends upon the presence of the proteid—with which, 
as we have seen in the fourteenth chapter, all ferments are 
intimately combined. Notkin’s observation that the action of 
the secretion resembled that of a ferment, and the fact, shown 
by myself, that all the ferments of the organism owe their 
activity to the "ferment of ferments,” the active principle of the 
adrenal secretion—that embodied in adrenoxidase—all point to 
the presence of the latter in the thyro-parathyroid secretion. 
Indeed, we have seen that adrenoxidase, corpuscular and plas¬ 
matic, is a globulin. Now, B. Hutchison 1 ** states that the col¬ 
loid consists of two proteids: "One of these, which makes up 
by far the larger part of the secretion, resembles closely in its 
licliavior the class of proteids spoken of as globulins; the other 
is a nucleo-proteid.” He also 1 * 1 found that besides containing 
phosphorus and being rich in iodine, the colloid contained 
sulphur, an element which, as stated by Oamgee 1 ** in reference 
to lurmoglohin, “belongs to the albuminous part of the mole¬ 
cule,” i.r.. to adrenoxidase. The iodine is evidently bound up 
with the latter, for Baumann 1 ** found his iodothyrin in the 
albumins of the gland os “thyro-iodoglobulin or thyro-iodoaZ&M- 
min.” Oswald 1 * 4 also isolated a body he termed thyreoglobulin, 
which constituted about 10 per cent, of the gland and contained 
14.3 per cent, of iodine and which was found to increase meta¬ 
bolism, and nitrogen excretion, etc. 

Briefly, the thyro-parathyroid secretion differs only from 
the proteolytic triad distributed by leucocytes to all the cells in 
the organism, in that it contains iodine—9.3 per cent, in Bau- 
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mann’s thyroidin, 14.3 in Oswald's thyreoglobulin—closely 
bound np with adrenoxidase. As Chittenden says, iodine is 
certainly not active as such. In fact, Toepfer IM has shown that 
one ounce of sheep's thyroid contains hut 0.00D (*/ T grain) of 
thiB halogen. The foregoing facts point to its mode of action, 
▼is., that of a "ferment” as stated by Xotkin—a triad, from my 
point of view, in which iodine plays the part of preferment. 

What is the physiological action of this iodine triad or 
"ferment”? 

Levene, 1 ** Justus, 1 " and others found iodine in practi¬ 
cally all tissues. Gley 1 *" held that the iodine found in the thy¬ 
roid is derived from the blood, his researches having shown 
that the red corpuscles stored it. Wo have seen, however, that 
iodine is not taken up by these cells, but, as observed by 
Labbd and Lortat-Jacob, by leucocytes. The phenomena of 
iodophilia also show that these cells are prone to absorb this 
halogen. Its presence in the red corpuscles, however, when con¬ 
sidered in the light of my views, is subject to an interpretation 
other than that advanced by Glev:— 

In the preceding chapter, we followed the secretions of 
the thyroid and parathyroids to the heart, where they entered 
the general venous circulation jointly, and thence to the pulmon¬ 
ary alveoli. In the first three editions 19 * I submitted data which 
bad led me to suggest that the eosinophile leucocytes (which are 
often found in the sputum in asthma, tulierculosis, etc., and are 
thought by various authors to take part in (he formation of 
the alveolar epithelium***) built up hipmoglobin—its iron-con¬ 
taining portion, luematin—with iron derived from the intes¬ 
tine, and carried it to the pulmonary alveoli. Here, 1 held, 
the cells secreted their product into the adjacent plasma, where 
it was "absorbed by the underlying ml corpuscles along with the 
oxygenized secretion” of the adrenals, i.e., adrenoxidase. I 
was not aware at the time that the eosinophilea had already been 
associated with this function by Havem, who described them as 
the “hspmoglbbinie cells.Under these conditions, the pro- 
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cess through which the thyro-parathyroid secretion eaten the 
red corpuscles is self-evident: Ijeing likewise present in the 
plasma underlying the avepli, it is absorbed with the hemo¬ 
globin and its albuminous moiety, adrenoxidase, and dis¬ 
tributed with the latter throughout the body. Hence the secre¬ 
tion is distributed by the red corpuscles to all cells and to the 
plasma itself. 

The marked influence of the fhyro-parathyroid secretion 
on metabolism suggests that it is more potent in the vital pro¬ 
cess than adrenoxidase itself. That such is not the case, how¬ 
ever, is shown by the fact that removal of the thyroid and para¬ 
thyroids does not always cause death. We have seen that 
Edmunds lost but four out of his nine dogs. Vincent and 
Jolly au were also led experimentally to conclude that **it can¬ 
not be truly said that either thyroidis or parathyroids are essen¬ 
tial for life, since it is frequently possible to remove either 
or'both without causing death/* although they fully recognize 
“as others have done, that fatal results, when they occur, are 
not due to injuries to surrounding structures accompanying 
the surgical interference, but must be referred to absence of the 
glands in question/* Again, if the thyro-parathyroid secretion 
were the chief factor in sustaining the cellular interchanges, 
removal of the pituitary body or of the adrenals would only 
give rise to trophic disorders and seldom if ever prove fatal; 
whereas, in the great majority of instances, death occurs within 
a few days. This fact in itself, however, affords a clue to the 
rdle of the secretion. As a large number of experiments have 
shown, carnivorous animals are readily killed by thyro-para- 
thyroidectomy while many herbivorous animals survive. More¬ 
over, if carnivorous animals are fed on milk only, after the 
operation, the post-operative life is greatly prolonged. It is 
plain, therefore, that the influence of the thyro-parathyroid 
secretion is connected in some way with toxic wastes (which 
are proportionally much greater under a meat diet *!»■" under 
a vegetable diet) and that this influence is exercised not only, 
as we have seen, upon the cellular elements of the anterior 
pituitary, but upon all cells. 

The dose association of the thyro-parathyroid s ecreti on 
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witn adrenoxidase, which led Oswald to term the thyroid secre¬ 
tion “thyroglobulin,” corresponds with a constituent of the 
blood to which I have referred to in the preceding volume, vis.. 
Sir A. E. Wright’s “opsonin," a substance which renders micro¬ 
organisms vulnerable to phagocytes. 

Denys and Leclef,*** in 1895, showed experimentally that 
leucocytes were able to ingest bacteria only after the latter had 
been prepared, so to say, by the action of some substance in the 
blood-plasma. Thus, while the blood of a normal rabbit failed 
to destroy the streptococcus pyogenes, that of a vaccinated rab¬ 
bit delayed the multiplication of these germs and sometimes 
destroyed them. Such a rabbit could stand with impunity a 
dose of streptococcus sufficient to cause erysipelas in a normal 
animal. Now, leucocytes from the latter, though unable to 
destroy streptococci, destroyed actively these germs in the blood 
of the vaccinated animal, while blood from the latter, when 
added to that of a normal animal, also caused the leucocytes of 
this animal to become energetically bactericidal. This shows 
plainly that the plasma of a vaccinated animal contains a sub¬ 
stance which either increases the vulnerability of the germs 
to phagocytosis or the activity of the phagocytes. Two years 
later, Mennes* 04 noted that the immunity conferred on guinea- 
pigs with toxins or pneumococcus cultures was due to a change 
in their serum which increased markedly the activity of phago¬ 
cytosis, though the phagocytes themselves were not directly 
influenced. Wright and Douglas* 01 termed this substance 
“opsonin” and showed that it was a constituent of the serum 
or plasma. They likewise concluded that- it prepared the bac¬ 
teria for phagocytosis without acting on the leucocytes. Neu- 
feld and Rimpau* 00 also found in the plasma a substance which 
“sensitised” bacteria without influencing the leucocytes. Tim- 
lent streptococci and pneumococci which failed to bo ingested 
by the latter when they had- been previously treated to anti¬ 
streptococcic serum, were immediately taken up by these cells 
when the germs had themselves been treated to this serum, 
though the leucocytes had not. Many other experimenters have 
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wwOwuMrf these observations without, however, throwing light 
upon the nature of .the process. Moreover, ae emphasised, 
by Potter, Ditman and Bradley : ,#T “Up to the pxmtnt tune 
very little has been determined concerning the source of the 
opsonin*,” and, referring to the above-named investigators, 
they state that they have all shown that “the opsonins exist 
in the blood serum and not in the leucocytes.” 

This affords a first point in which opsonin corresponds with 
the thyro-parathyroid secretion: being stored in the red cor¬ 
puscles it is secreted with the adrenoxidase to which it is linked, 
and thus becomes a constituent of the plasma. 

Again, Bordet, as is well known, termed substance eenri- 
bUisatrice or “sensitizing substance” and Gruber preparator or 
“preparing substance** (Ehrlich’s amboceptor) a body which 
rendered bacteria, red corpuscles, or any kind of cell in fact, 
vulnerable to the destructive action of Buchner’s alexins 
(Ehrlich’s complement). Now, in the first volume I emphar 
sized repeatedly the fact that Ehrlich’s complement—the iden¬ 
tity and source of which ho has so far failed to show- 1 —was the 
intrarleucocytie trypsin,the proteolytic triad. 

This affords three more facts which harmonize with my 
interpretation, and with experimentally established data con¬ 
cerning opsonins, since the “sensitizing” substance is shown 
to affect the bacteria; to do so without influencing the leuco¬ 
cytes; and finally, to prepare the bacteria for the phagocytic 
leucocytes. 

A fifth confirmatory point is available in that, precisely 
as is the case with the substance sensibilisa trice, which, as I stated 
on page 735 in earlier editions, “stands, without undergoing 
alteration, heating up to 60° to 65° C.,” Kinghom and 
TwicheU,*” referring to the observations of Wright and Doug¬ 
las, state that opsonins “lose their power when heated up to 
60° to 65 s C. for ten to fifteen minutes.” 

Again, Bordet, Buchner and Gruber do not refer to the 
fact that the “sensitizing substance” is a compound body; in 
my own allusions to its homologue, the oxidizing substance (now 
adrenoxidase) in the first volume, its heat limit is always given 
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u 06’. C. Now, opaonins have led to the same error: Potter, 
Hitman mil Bradley 10 * state that “Savtchenko* 1 * and Dean 011 
regard oj«oninB and amboceptors as identical**—a 

seventh point in support of my interpretation. 

The same authors also write, however, “Hektoen 11 * regards 
opsanins as diati&ct from amboceptors, and in proof of his 
n pwirti states that under certain circumstances normal serum 
may possess lytic, but not opsonic powers, and vice verm; again, 
t hat imimwiiaatinm may give rise to opsonic, but not to lytic 
substances; and further that heat may destroy the opsonic 
power without affecting the lytic amboceptors, and vice verm. 
Thus, while opsonin for anthrax bacilli, present in the serum of 
n ormal dng a , is destroyed by heating at 60° C. for thirty min¬ 
utes, the amboceptor for anthrax bacilli present in the serum of 
normal dogs is not affected by heating at 65° for thirty min¬ 
utes. Moreover, while the serum of white rats is normally an- 
thraddal owing to the presence of a thermostabile substance 
that is inactivated by neutralization of the scrum with oxalic 
( Mod , the — scrum contains a thermostabile opsonin for an¬ 
thrax bacilli which, however, is not inactivated by oxalic acid.** 
The presence of two distinct substances iB clearly shown in this 
quotation: (1) the substance destroyed at 00° and (2) the 
thermostabile substance. Now, as stated by Lazarus Barlow, 0,0 
Metchnikoff holds that while the thermolabile body is confined 
in the phagocytes (his trypsic cytase), the plasma contains 
another, which is "thermostable, resisting a temperature of 100* 
C.** We have seen repeatedly that the only substance in the 
plasma which is able to stand this temperature is adrenoxidase. 
On the whole, opsonin is not the amboceptor any more than it 
is adrenoxidase; it is a sensitizing ferment, destroyed at 60-65* 
C., combined with adrenoxidase, which is only destroyed at 100* 
or may even resist that temperature. 

Under these conditions, however, adrenoxidase should con¬ 
tain the various components of the thyro-parathyroid secretion: 
we have seen that Gley found iodine in the red corpuscles; and 
t he fact that this halogen is also found in practically all tissues 
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■hows that it must leave these cells with their adrenoxidase. 
The blood-platelets, as I have pointed oat, are droplets of adren- 
oxidase: Schafer* 14 states that according to LSwit* 1 * they con¬ 
sist chiefly of a “globulin,” and that “as the result of micro- 
chemical work, Lilienfeld* 14 considers that they consist of 
nucleo-proteid” The two bodies being combined, the conclu¬ 
sions of both observers are justified. As we have seen that the 
main constituents of the thyroid secretion are iodine, nucleo- 
proteid and a globulin (the othen, xanthin, paraxanthin, etc., 
being wastes), the correspondence between the secreted products 
of the red corpuscles and the thyroid secretion are not only evi¬ 
dent, but in the light of the facts submitted above, these sup¬ 
posedly different b odiea—originally derived from the thyro - 
parathyroids—and opsonin are one and the same substance. 

This conclusion, which I reached in 1907,-has been sus¬ 
tained by the experiments of Marta* 14 * which showed that 
thyroid extract increased the opsonins in animals. 

Finally, Wright showed that vaccines increased the propor¬ 
tion of opsonin in the blood. Metchnikoff, 41 * alluding to the 
experiment of Bordet in animals injected at various times with 
the blood of foreign species, remarks: "It is the sensitising sub¬ 
stance which appears in very great quantity as a result of these 
injections, von Dungem 114 has confirmed this observation, and 
has added the interesting fact that the sensitising substance is 
found in great excess tn the serum of the injected animals." 

The influence of the thyro-parathyroid secretion or ferment 
on the anterior pituitary body now suggests itself; it is that 
produced on all cells. Referring to the pituitary, Bohm, 
Davidoff and Huber 414 state that “now and then alveoli contain¬ 
ing a colloid substance, similar to that found in the alveoli of 
tiie thyroid gland, may be observed." Indeed, Schnitxler and 
Ewald 444 found in the pituitary body, "evidence of considerable 
iodine." This means, in the light of the evidence submitted, 
that the colloid substance is a combination of the secretory prod- 
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nets of leucocytes (including any noxious substance they may 
co nt a in ) and the secretion of the red corpuscles, i.e., adreqoxi- 
dase, including the thyro-parathyroid- ferment with which it is 
combined. The surface of the test-organ is .thus not only 
swept by the current of colloid which contains any noxi¬ 
ous substance of which it must take cognizance, but it 
is simultaneously sensitised by the thyro-parathyroid secretion 
the colloid contains. Moreover, it is kept sensitive from 
another direction, vis., through the blood circulating in its sen¬ 
sory elements proper, since, as I have shown, adrenoxidase cir¬ 
culates in all nervous elements as well as in the perineural capil¬ 
laries. As the thyro-parathyroid secretion is bound up with 
adrenoxidase, all nervous structures are kept sensitized by it, 
including the test-organ. The latter, unlike any other organ, 
is thus sensitized from two directions by a substance provided 
by the thyroid apparatus. Hence the morbid results observed 
when the latter’s functions are impaired or annuled. 

This involves the conclusion that the tissue and other liv¬ 
ing elements are also sensitised. Bordet’s “substance sensi- 
bilisatrice” was found by him to sensitize all cells besides bac¬ 
teria, even the red corpuscles themselves—as is shown indeed 
by their proneness to haemolysis. 

The test-organ destined by Nature to protect the whole 
organism against disease is thus kept attuned to the highest 
pitch to carry on its all-important mission. As the morpho¬ 
logical homologue of the olfactory organ, it would, in keeping 
with the latter, fail to transmit impressions to the posterior 
pituitary and to awaken therein the secretory-motor stimuli to 
the adrenals through which cellular metabolism is sustained, 
were it not constantly stimulated. Cretinism and myxeedetna 
occur when the test-organ is inadequately activated by the thyro- 
parathyroid secretion; the organism lives, but much as does the 
plant; hence the term "Vhomme-planteP attributed to cretins. 

Yet, we have seen that even plants and ancestral animals 
utilise iodine. Here again, however, the accumulation of cell- 
colonies gradually as the higher forma were evolved. Imposed 
the need of a g re a ter supply of the iodine—or iodine-ferment, 
the compound of which the haloid is a component in all living 
str uc tu re s ;* the delicate endostyle of the Tunicate and lower 
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Chordata (see end Is the illsstratios os page' 968) gradually 
dereloped therefore into the thyxo-parathyroid apparatus 
remaining throughout the entire phylogenetic scale closely re¬ 
lated with the respiratory apparatus—the gill-bars in ancestral 
vertebrates—the lungs, as I have shown, in the higher verte¬ 
brates, including man. 

Sensitiveness of the cellular elements thus assumes a car¬ 
dinal rflle in the vital functions of all organisms. The reason 
for this imposes itself when the part that irritability plays in 
Nature is recalled: “Every process of stimulation requires 
two factors,” writes Verworn, 1 ** “a stimulus and a body that is 
irritable. If the two factors come into correlation there results 
a phenomenon of stimulation, a reaction.” The muscular con¬ 
tractility which will cause detached fragments of the heart 
muscle to continue beating is but a manifestation of th« kind. 
This applies as'well to the skeletal muscles in function. Here, 
“the irritability depends upon- the fact that great quantities 
of potential energy are accumulated in the liv ing substance of 
the muscle so that the introduction of only a small quantity 
is needed to transform it into actual energy.” The poten¬ 
tial energy is the true source of contraction in the muscular 
mass; but the relatively diminutive proportion of energy that 
the nerve impulse adds thereto suffices to provoke contraction. 
Nourished by leucocytic granules (endowed with life by the 
adrenal active principle) and kept free of wastes by the hydro¬ 
lytic triads, the tissue-cell is eminently prepared to assume the 
sensitised state; but pending this event it is latent as a living 
entity; it lives but cannot work. Throughout Nature, bound 
Bp with the albumins and colloids of animals and plants, iodine 
(as I interpret its rdle) endows it with the capacity to react, 
ue., with the power to functionate under appropriate stimuli. 

Sa the whole, the following conclusions appear warranted: 
(1) (he parathyroids supply a secretion which differs from that 
of the thyroid only that it is richer in iodine and far more 
active; (?) the secretions of the thyroid and the parathyroids 
ftsmg miked before reaching the lungs, they constitute, physio- 
upeMy, but one substance;. (3) the thyro^anihyroid seers- 
tion is a fer ment-like compound of Mmn; nudeo-protsid adren- 
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omidass; (4) on reaching the pulmonary alveoli, it is a6- 
oosbsd by the red corpuscles along with adrenoxidase, becomes 
part of the latter, and is distributed with it to all parts of the 
organism, including the blood; (5) its physiological function is 
to seniitise all cells and cellular elements, physiological or path¬ 
ogenic, whether «n the tissues (including the nervous system) 
or in the blood (including its digestive leucocytes or phago¬ 
cytes'), and thus to render them vulnerable to the action of the 
hydrolytic triads or "fermenW they—the tissues, plasma and 
leucocytes—contain; (G) the nervous elements of the pituitary 
body, including those constituting the test-organ, being, like all 
other cellular elements, the seat of metabolic exchanges, they 
are likewise sensitised by the thyro-parathyroid secretion and 
their functional efficiency, i.e., the vigor with which they react 
to sensory impressions and initiate motor stimuli, is commen¬ 
surate with the degree of sensibility thus conferred upon them; 
(7) when the test-organ is adequately sensitised, the intrinsic 
metabolism of its elements is sufficiently active to sustain the 
secretory activity of the adrenals, and therefore the vital pro¬ 
cess itself up to the normal physiological standard; (8) when, 
conversely, it is inadequately sensitised through deficiency or 
qualitative impairment of the thyro-parathyroid secretion, the 
adrenals are insufficiently stimulated to insure normal oxygen¬ 
ation, the vital process and therefore all functions are ren¬ 
dered correspondingly torpid—a condition which entails cretin¬ 
ism ti» the child and myxadema in the adult. 

Hereafter I will refer to the thyro-parathyroid secretion as 
thyroiodase. 

THE INTERNAL SECRETIONS AS THE BODY’S AUTO-PROTEC- 
T1VE SUBSTANCES AND AS THE FOUNDATION OF 
RATIONAL THERAPEUTICS. 

In his Herter Lecture at Johna Hopkins (1906), Sir A. E. 
Wright gave a rteumd of his valuable researches and of those 
of his associates, Drs. Boss and Douglass, upon the rOle of the 
*V>peanins. n These were referred to as newly found substances 
which rendered various bacteria susceptible to the phagocytic 
action of the leucocytes. After dividing the immunising con¬ 
stituents Of the blood into opoonins, bactericidal (bacteria-kill- 
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jng), and bacteriolytic (bacteria-disaolving) sufestaaees. opson- 
ina and agglutinins, and grouping them under the term "bacte- 
riotropic substances,the lecturer referred to them as the nat¬ 
ural immunising constituents of the body. He had found, 
moreover, that when a given virus was injected into the blood, 
these bacteriotropic substances increased in amounts, in propor¬ 
tion, to a certain extent, with the quantity administered. 

Three years ago, in an address before the Chelsea Clinical 
Society of London, Sir A. E. Wright"* stated that while their 
origin in the body was unknown, "all the protective substances 
which were involved in the cure of disease were to be regarded 
as produced by internal secretion.” Alluding to various disor¬ 
ders, including tuberculosis, in which "the blood was deficient 
in protective substances,” he held that if they [pathologists, 

I presume] “knew the laws by which such substances were pro¬ 
duced,” we could "call forth a production of those substances” 
in the patient. In all of some thirty casa—boils, acne 
sycosis—which he had treated by inoculations, "there had not 
&a®a one of them in which there had not been produced enough 
of that internal Becretion to enable the body to kill off the 
staphylococcus,” while "patients with tuberculosis recovered if 
they produced enough of the internal secretion to render their 
bodies uninhabitable by the tubercle bacillus.” He held, more¬ 
over, that "it should be recognised that chronic or local fa fpty 
4!©a was a symptom of defective internal secretions, and that 
those secretions could be elaborated in the body when there was 
youth, strength and health, by the application of the appro¬ 
priate stimulus given in proper quantities.” 

Now, a year earlier, I had pointed out in the first volume 
of the present work*" and elswhere,*** that the blood's immu- 
nizing bodies"* were the internal secretions of the ductless 
glands and formulated the principle that "the power of the 
organism to antagonise the constitutional effects of pathogenic 
germs, their toxins and other poisons, is directly proportionate 
to the functional efficiency of the adrenal system” the latter 
being composed of the thyroid gland, the anterior pituitary and 
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the idreoik I laid stress, at the time, on the fact that** "all 
forms of vaccination endow the inoculated subject with en¬ 
hanced activity of the adrenal system, and, therefore, of all 
str u ctures which take part in the defense of the body*' and 
ascribed the immunizing influence of Pasteur’s method against 
hydrophobia, vaccination against small-pox, the effects of Coley’s 
mixture of erysipelas and bacillus prodigiosus toxins in sar¬ 
coma, Koch's tuberculin, etc., to this, process. I repeatedly 
emphasized the fact that the cure of disease should be con¬ 
sidered as produced by internal secretions, that bacteria could 
not live where the immunizing substances were present in suffi¬ 
cient quantity, etc. That Dr. Wright's researches have con¬ 
firmed my conclusions is self-evident. 

That he should be unable, however, to point to the source 
or identity of the immunizing bodies is but normal. Else¬ 
where*” I had occasion to write: "Pathologists will continue 
to work in the dark, as they have now been doing several years, 
until they realize that the very few substances, to which various 
names have been given: Buchner’s alexins, Ehrlich's comple¬ 
ment, Metchnikoff’s oytase, Ehrlich’s intermediary body or 
amboceptor, Bordet’s sensitized substance, etc., are internal 
secretions in the true sense of the word: i.e., products of duct¬ 
less glands ." To this series, as shown in the preceding section, 
“opsonin” is also to be added. ' 

What is, under these conditions, the nature of the immu¬ 
nising substances that appear in the blood under the influence 
of toxins? 

In the light of the evidence previously adduced, when a 
poison or toxin appears in the blood, a fraction of the poison 
will reach the pituitary body (with the plasma or with the 
leucocytes) and, if the dose be not excessive, it will excite the 
test-organ and provoke a protective reaction in the body at 
large. This reaction being produced through the adrenals, the 
first substance to appear in the blood is of course adtenoxidase. 
As this entails increased oxygenation of all organs, their secre¬ 
tory and formative activity is augmented; as a result of this, 
the pancreas produces more trypsinogen. The leucocytogenic 
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organa create more leucocytes—mainly neutrophiles and eoaino- 
philes. This double leuoocytosis was noted by Muir,*** who 
remarked, aa a result of his observations, that “whether they 
act aa direct phagocytea or indirectly, the eoeinophilea evidently 
play an important part in the defense of-the body.” Aa I 
interpret the idle of these cells: they migrate from the iodine 
reserves (the bone-marrow) to the thyroid and parathyroid 
glands, to hasten the formation of the sensitising secretion of 
these glands. This secretion being taken up by the red cor¬ 
puscles in the lungs, the blood-plasma receives the first of its 
“immunising’* substances, vis., adrenoxidase, bound up with 
the sensitising thyro-parathyroid secretion. Now, this identical 
combination is a prominent factor in all the experimental work 
recorded by pathologists, as the following cursory review of thin 
research will show. 

Adrenoxidase plus sensitizing substance. Adrenoxidase, as 
we have repeatedly seen, is only destroyed at 100* C., while the 
second substance, opsonin, is, according to Wright and Rosb, 
destroyed at from 60° to 65° C. Now, Metchnikoff”* as pre¬ 
viously stated, refers to the presence of the thermostable 100° C. 
substance as “circulating in the blood-plasma” as Pfeiffer’s 
“specific immune body.” On the other hand, the latter, which 
has also been termed “amboceptor” by Ehrlich, “substance sen- 
sibiliuatrico” by Bordet, “copula” by Metchnikoff, “desmon” 
by Muller, etc., is destroyed at 65° C. This paradoxical fact 
finds an explanation in the presence of two substances, adrenoxi- 
dnse and the sensitising substance, the more readily observed 
phenomena being carried on by the latter because of its 
destruction at the lower temperature. 

Still, if this fee true, both these bodies should originate 
from the red corpuscles: Metchnikoff clearly differentiates the 
100° thermostable substance as a constituent of the plasma 
from other substances, referred to below, which originate from 
leucocytes. More dearly specified in this particular, however. 

o£ the sensitising substance or immune body. 
While Bordet and von Dungem"" held that the red corpuscles 
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excited the production of this substance, Nolf 991 showed the t it 
was * product of these cells. The idle of this substance is evi¬ 
dently that ascribed by myself to the thyro-parathyroid secre¬ 
tion and by Wright to the “opsonin,” for, as stated by Wasaer- 
mann, 999 according to Bordet, “the substance sensibilisatrice 
plays the rile of mordant. It makes the blood-cells [and also 
bacteria, toxins, wastes, detritus, etc., I should add] vulnerable 
to the alexin, so that the latter can attack the cells and dissolve 
them.” 

This brings us to the next stage of the defensive process:— 

Phagocytosis, carried on by the intracellular digestive triad, 
trypsin. A multitude of neutrophilia are now present in the 
circulation ready to ingest and digest the sensitized bacteria, 
toxins, cells, wastes, etc.—Metchnikoff’s phagocytes. We have 
seen repeatedly that they contain what I have termed the “diges¬ 
tive triad/* viz., trypeinogen, nuclein, and adrenoxidase, which, 
combined, constitute the ferment trypsin. Ohorrin and Leva- 
. diti,** 1 von Zaremba 9 * 4 and others have demonstrated the 
digestive activity of pancreatic juice on bacteria and toxins; 
Metchnikoff, Arthus, Mouton 999 and others found trypsin in 
leucocytes. Moreover, the labors of Bordet, Metchnikoff, Ehr¬ 
lich and Morgenroth have demonstrated that the destruction 
of bacteria, etc., was due to the presence in the phagocyte of a 
digestive substance. “This substance, a sort of digestive fer¬ 
ment,” writes M. Labb4, 9 " “attacks and destroys the cells and 
bacteria that are sensitive to its action; thanks to it, patho¬ 
genic elements are destroyed within the leucocytes.” As is 
well known, the efficiency of phagocytic protection is proportion¬ 
ate with the relative number and activity of the phagocytes 
present, and if these cells increase promptly in the blood, they 
soon dispose of the bacteria; conversely, if the latter are too 
numerous, or too virulent, the phagocytes are overwhelmed, 
partly by bacterial toxins, and general infection occurs. Phago¬ 
cytes, therefore, owing to the digestive triad they contain, play 
a lading part in the defense of the body, in accord with Metch- 
nikofPs doctrine. 
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The third stage of the auto-protective process Is now in ' 
order; the appeersnce in the blood of:— 

The digestive triad as the bacteriolytic constituent of the 
plasma. While Pfeiffer, Fodor, Nuttall and others found that 
the blood-plasma possessed bactericidal properties, Buchner and 
Hankin isolated the active substance, and termed it "alexin.” 
As stated above, this is the trypsic body, or digestive triad which 
destroys bacteria within* the phagocytes. The experimental 
‘demonstration by Bordet, Metchnikoff and others that the 
phagocytic alexin was a trypic ferment is further sustained 
by Buchner’s own labors (1899), which showed that there existed 
a close connection between the leucocytes and the presence of 
alexins in the plasma. Buchner showed, moreover, that alexins 
were derived from leucocytes, a conclusion sustained by the 
investigations of Bail, Schattenfroh and others, and now gener¬ 
ally accepted. As to the manner in which alexins leave the leu¬ 
cocytes, Metchnikoff and Gengou have held that they were lib¬ 
erated by breaking up of the cell. We have seen, howevef, 
that this view can no longer hold. Indeed, Buchner showed 
that they were secreted by the cells, a conclusion sustained by 
Ehrlich’s investigations and those of other observers. On the 
whole, it is evident that while leucocytes use their intracellu¬ 
lar trypsin to digest the bacteria they ingest, and, as I have 
pointed out, convert them into nutrient granules which they 
carry to all tissue-cells; they can likewise secrete their digestive 
triad or trypsin with their granulations, into the plasma, thus 
endowing the latter with its bactericidal property. The inter¬ 
relations of these various substances in the blood will be referred 
to in the -next chapter. 

From start to finish, therefore, it becomes possible to 
account for the auto-protective or "immunising” process in dis¬ 
ease by means of substances derived from the ductless glands: 
adreaoxidase, the thyro-parathyroid secretion, and the pancreatio 
internal secretion.**’ Even the phagocytes which utilise* the 
latter are ductless glands, since they also secre te their bacterio¬ 
lytic substance in the blood. Moreover, one salient fact 
asserted itself, vis., that the intra-phagocytie and plasmatic bac¬ 
tericidal and antitoxic triad is the identical one which, as I 
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have pointed out, fulfills the cardinal function in the vital 
process with the adrenal, active -principle as the chief factor. 
Hen, again, the paramount influence of this principle prevails, 
since it is to its identity as the ferment of the bactericidal fer¬ 
ment, as a catalytic, that it can protect the body whose life 
it serves to initiate and hub tain. 

Wright's subdivision of the “bacteriotropic substances’* into 
bactericidal and bacteriolytic bodies, opsonins and agglutinins, 
may be reduced to three, under these conditions, since a patho¬ 
genic organism is necessarily killed by the trypsin whether in the 
phagocyte or in the blood-stream, as they are in the intestinal 
canal, vis., the digestive triad, trypsin, the thyro-parathyroid 
secretion, opsonin, and agglutinin. 

We are left, however, with an unknown quantity: "agglu¬ 
tinin.” What are the nature mid mode of action—both 
unknown—of this substance? 

As interpreted from my standpoint, agglutination is ths 
initial phenomenon of bacteriolysis, and is also caused by the 
thyro-parathyroid secretion. It is a coincident phenomenon 
of, or succeeds the sensitisation of pathogenic organisms or of 
any substance to be dissolved by the digestive triad in the 
plasma. Clumping and digestion of the red corpuscles—-haemo¬ 
lysis—are due to the same factors, these cells sharing the fate 
of the bacteria when the digestive activity of the plasma becomes 
excessive. 

The landmarks of the thyro-parathyroid secretion are 
readily traced in the experimental history of agglutinin. Thus 
the temperature at which the latter is destroyed is the same. 
Waasermann,”** for instance, writes: “The agglutinins are 
fairly resistant substances which withstand heat to 60° C., and 
lose their power only on heating to 65° C. It is possible, 
therefore, to make a serum hsemolytically inactive by heating to 
55* C., and still preserve its agglutinating power.” It is not 
to adrenoxidase alone that it is due, since the latter is only 
de s troyed at 100* C.; nor can it be the digestive triad which is 
destroyed at 55-56* C. On the other^hand, 60* to 65* cor¬ 
responds with opsonin, which, as we have seen, is the parathyroid 
seebetion. Its intimate functional relationship with adrenoxi- 
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daae is also suggested by the fact that Baumgarten*** was led 
experimentally to conclude that agglutinin and Ehrlich's com¬ 
plement (adrenoxidase) were identical, while Bordet and von 
Dungem held that hsBmolysins might originate from the red 
corpuscles. Again, we have seen that it was in the lungs that 
the thyro-parathyroid secretion was taken by the plasma and' 
red corpuscles: Deutsch found that the lungs of non^immun- 
ixed guinea-pigs were the only organs which exceeded in agglu¬ 
tinating activity that of the blood-plasma, and therefore of all 
other body fluids. 

The presence of agglutinin in plants suggests the active 
agent in the process. Bicin, obtained from the castor-bean, is 
very active in this particular, as are abrin, the phallin of mush¬ 
rooms, and other plant albumoses. All plants containing more 
or less iodine, oxidases, and nuclein, as we have seen, the con¬ 
ditions therein are such as to permit the elaboration of an 
iodine-ferment (which may be very powerful, as in the plants 
mentioned) very similar, in its chemical properties, with those 
of the thyro-parathyroid secretion. This involves the conclu¬ 
sion, however, that iodine (the main active agent of the secre¬ 
tion and of the vegetable compound corresponding with it) 
should like ricin, abrin, etc., produce haemolysis:- “Iodine,” 
writes Cushny,** 0 “is said to dissolve the red blood-corpusclcs 
when it is brought in contact with them outside the body, and 
to form- a combination with haemoglobin.** The corpuscles 
themselves and the plasma in which they bathe affording the 
other constituents for the formation of an iodine ferment, the 
effect is the same as if an energetic blood haemolysin had been 
used. Exception has been taken to Ehrlich’B suggestion that the 
agglutinin of plant albumoses (phallin, ricin and abrin) was 
the same substance as haamolysin; his view is perfectly war¬ 
ranted, however, since, as stated above, plants contain not only 
the iodine ferment, but also trypsin, etc., to follow up agglu¬ 
tination with digestion, haemolysis. Indeed, Baumgarten 
found that partial haemolysis of the red corpuscles occurred 
after they had been agglutinated with ricin and abrin when the 
mixture was energetically ahatam. 
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That agglutination is a precursor of hmolpis is a recog* 
nixed fact. Thus, Bordet* 41 found that “agglutination of the 
red corpusclee occurs previous to their solution,'* that “the sol¬ 
vent power of the specific hemolysins depended on the comb ined 
action of two constituents of the specific serum," and, moreover, 
that "when the fresh hemolytic serum was warmed for half an 
hour at 55 s C., it lost its power."* That both the amboceptor 
(adrenoxidose) and the complement (the digestive triad) are 
necessary for the production of hemolysis has in fact been dem¬ 
onstrated by Ehrlich and Morgenroth.* 4 * All the more recent 
investigations have not only served to confirm these funda¬ 
mental features of the problem, but they have sustained Ehr¬ 
lich's view that haemolysis is a fermentation process analogous 
to digestion. This applies as well to bacteriolysis, as is well 
known. Agglutinin stands out prominently as an independent 
substance in this connection, since it does not itself immunise. 
Durham* 4 * found that the presence of large quantities of agglu¬ 
tinins in the blood of animals did not prevent death from infec¬ 
tion. It is plain, therefore, that agglutination is but an initial 
phenomenon of the immunizing process. 

The identity of agglutinin as the thyro-parathyroid secre¬ 
tion thus asserts itself in various ways. The two bodies cor¬ 
respond: as to the temperature at which their action ceases. 
60° to 65° G.; their source in the blood-stream, the lungs; the 
identity of their main active agent, iodine; their mode of dis¬ 
tribution, the red corpuscles; and finally, their sensitizing prop¬ 
erty. Having shown in the preceding section that opsonin was 
also the thyro-parathyroid secretion, it is plain that opsonin and 
agglutinin likewise represent the one substance. 

Returning to Wright’s subdivision of the “bacteriotropic 
substances” of the blood into four bodies, it has become evi¬ 
dent that we need only take two into account, viz., the thyro- 
parathyroid secretion (opsonin, agglutinin, substance sensibili- 
satrice) and the digestive triad (trypsin, cytase, alexin, com- 
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piemen t, etc.). Adding thereto phagocytoaiB, we hove the three 
active factors of. the immunising proceee which ere brought into 
action when bacteria, t.e., their toxins or endotoxins, or any 
other poison capable of exciting the teat-organ of the pitnitaiy 
body, enters the blood-stream. 

In the first volume, over four years ago, I advanced the 
view that a poison or toxin capable of stimulating the adrenal 
center, t.e., the test-organ, protected the organism by increasing 
the proportion of immunizing substances in the blood, and that 
various diseases developed because of the. deficiency of such 
substances. Wright’s researches have demonstrated that during 
infection by certain bacterial species, the proportion of "bac- 
teriotropic substances” is below normal, the patient’s blood 
being then in what he terms the "negative phase,” while— mnfl 
this is the most important result of his valuable researches— 
by means of bacterial vaccines, tuberculin, etc., judiciously 
employed as to quantity and intervals between the doses, the 
immunizing substances can be so increased in the blood that 
they exceed greatly the normal limits. This raises the patient’s 
defensive powers to such a degree, i.e., brings them up to the 
"positive phase,” that the invading bacteria and toxins are more 
or less promptly destroyed. 

Wright, however, found that great precautions were neces- 
sary. By what he terms the "opsonic index,” i.e., the average 
number of bacteria taken up by each leucocyte, he is able to 
gauge the proportion of bacteriotropic substances in the blood. 
He observed also that while inoculations cause the "bacteriotropic 
pressure” to rise, the latter tends constantly to return to nor¬ 
mal. This imposes the need of regulating carefully the inter¬ 
vals between the doses in order to keep the bacteriotropic activ¬ 
ity of the blood above normal—a fact which in itself imposes 
the need of frequently examining the blood. The use of large 
doses in no way tends to sustain the blood’s immunizing power; 
experience has shown that these are dangerous, particularly in 
the ^negative phase, and that they may even cause death. Again 
Wright* 4 * refers to what he terms another “serious aspect of 
the question” as follows: "Here is an inoculation .after which 
the resisting power runs down; hut after a time it rises and 
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the pa t ient is. re-inoculated with a large dose; the resistance 
<goea down further, and before he can recover another dose ia 
given and the resistance goes down still further. So anybody 
can inoculate with successive doses and reduce the resisting 
power to anything he likes. It is quite easy by this method to 
reduce the resisting power of the blood enormously/’ 

In the first volume and elsewhere, 14 * 1 laid stress on the 
importance of recognizing the two phases of action to which 
Wright refers. I wrote at the time that “the majority of drugs, 
toxins, physiological toxalbumins, etc., stimulated the adrenal 
system when the proportion of these agents in the blood did not 
exceed a certain limit, and that when this limit was exceeded, is .. 
when the dose administered, or the amount of toxins secreted by 
bacteria, etc., was excessive, it either inhibited or arrested the 
functions of this system.” Briefly, the observations of Wright 
are clearly accounted for when the functions of the test-organ 
and the adrenals are taken into account: Each toxin or drug 
capable of exciting the test-organ can raise its functional activ¬ 
ity up to a certain limit; beyond this it paralyses its functions 
whether the dose administered be excessive or whether it he 
given in smaller doses too frequently, time leading to cumu¬ 
lative action. 

The result in both cases is either gradual or sudden adrenal 
insufficiency with its consequences: more or less rapid diminu¬ 
tion of adrenal secretion, t.«., of adrenoxidase. This means' 
that the protective or immunising substances, which are simul¬ 
taneously the life-sustaining constituents of the body, are quan¬ 
titatively inadequate. The auto-protective functions always 
working hand in hand with the vital processes, the general 
symptoms of poisoning invariably include, as I have already 
pointed out, 14 * those that follow removal of the life-sustaining 
organs, the pituitary and the adrenals, vis., marked adynamia, 
hypothermia, lowered vascular pressure with weak >and small 
pulse, dyspnoea, cyanosis and convulsions,—the number and vio¬ 
lence of the symptoms depending upon the extent to which the 
functions of the test-organ are inhibited. 

In the first volume 141 I wrote: “Artificial immunisation 
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means the introduction not of bacteria, but of their products: 
the toxins themselves. These do not reproduce any more ^ 
the alkaloids of plants reproduce; they act with more or lesa 
rigor upon the adrenal system, precisely as do these nllr*lni< fa or 
other drugs. Indeed, if, instead of 'toxins’ they were called as 
are the alkaloids, 'medicines/ their use would inspire no more 
fear of complications than do the former, and their true position 
in therapeutics would be accorded them/’ But this refers to un¬ 
contaminated toxins. Are we sure that tuberculin, for iwatamw, fa 
always free of pathogenic, living, organisms ? Karl von Ruck,*" 
who can speak authoritatively in such matters, writes in this 
connection, after referring to the inconstancy of the results 
oiialasd with tuberculin R.: "Another danger from its was 
soon shown to exist by Trudeau, 1149 who found living, virulent 
tubercle bacilli in the preparation, after I had myself*"* directed 
the attention of the profession to the probability of such an 
occurrence.” 

Again the question of technique is an important one. The 
safeguards urged by Prof. Wright will surely be utilized by men 
who have acquired his skill, and insure comparative safety; but 
when we take into account the small proportion of such men 
among -the hundreds of thousands of practitioners in civilized 
countries, and the fear of the great majority of medical men 
their patients that the inoculation itself may prove a source of 
disease, it becomes plain that pending at least the disappearance 
of these untoward circumstances, our armamentarium pharma¬ 
copoeias should remain our standby. 

Summarizing the evidence and conclusions bearing upon 
the question I have so far submitted, the following «im.lu«ons 
seem warranted:— 

(1) Certain drugs, however introduced into the body, can, 
atimulating the test-organ of the anterior pituitary, increase 
the bacteriolytic and antitoxic properties of the blood; (8) the 
immunising agencies thus increased are (a) the thyro-pamthy- 
roid secretion, an iodine-ferment (now known as the sensitising 
substance, opsonin and agglutinin) which sensitises and softens 
pathogenic organisms, preparing these, and probably all poison- 



fitoSfeftAL ttchitidn in iiimonitt and thmuapmutics. 1111 


out or otherwise harmful substances, broken-down cells, wastes, 
ate., for ingestion and digestion by the phagocytes; (6) the 
phagocytes, which ingest the bacteria to digest them by means 
of their intracellular trypsin; (e) the trypsin secreted by phago¬ 
cytes or other leucocytes into the bloodstream and which digests 
therein what bacteria, toxins, toxic wastes and other noxious sub¬ 
stances are not destroyed by the phagocytes. 

Concerning the poisonous effects: (3) drugs which are ca¬ 
pable of stimulating the test-organ and are therefore able to en¬ 
hance the efficiency of the immunising substances directly or 
indirectly, differ in no way in this particular from inoculations 
of bacterial cultures, tuberculin, etc., and can only excite the 
test-organ up to a certain degree, varying more or less with each 
drug; (4) when this limit is exceeded owing to the use of exces¬ 
sive doses or of small doses given in too rapid succession, poison¬ 
ing occurs; (S) the earlier symptoms of poisoning are those of 
excessive activity of the drug used or of the chemical combina¬ 
tions it may form in the alimentary canal, the blood, the leuco¬ 
cytes, the subcutaneous tissues, etc; (6) sooner or later, accord¬ 
ing to the drug or poison, general symptoms appear which are 
common to all agents, drugs, toxins, etc., capable of stimulating 
the test-organ, viz., great weakness with flaccidity of the mus¬ 
cles, hypothermia, lowered vascular pressure, rapid and weak 
pulse, dyspncea, swarthiness, cyanosis, convul ions (due to ac¬ 
cumulation of toxic wastes) and coma; (7) these symptoms are 
due to diminution or cessation of tissue respiration, i.e., of gen- • 
oral oxygenation, the result in turn of depression or cessation 
of the functions of the test-organ and of the thyro-parathyroid 
apparatus ,—owing to factors which are considered in succeed¬ 
ing chapters. 

With Prof. Wright I fully concur when he contends** 1 that 
"we have in the power of raising the antibacterial power of the 
blood with respect to any invading microbe, out of all com¬ 
parison the most valuable asset in medicine.** But I hold that 
we have, among the remedies that have been at our disposal 
many yean, agents' eminently capable of raising the bacterio¬ 
lytic and antitoxic power of the immunising constituents of the 
blood beyond even the limits required to antagonise any infee- 
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tion or any other form of toxemia. Indeed, bo interne ia this 
action in the case of some of these agents that the blood-cella 
themselves are digested (hemolysis) along with the bacteria. 
The practical experience accumulated by clinicians during the 
• many years—centuries in some instances—that these agents 
have been employed, and the researches of therapeutists into 
their physiological action, have given us a working field which 
it will take decades of steady labor upon all questions relating to 
the use of tuberculin or other bacterial products by inocula¬ 
tion even to approach. We need not, therefore, deprive the 
present generation of the advantages that the magnificent lore 
of our profession affords. Within our reach are weapons whose 
every part is known to all and which, in power to destroy the 
greatest enemies of mankind, are second to none—provided their 
present empirical use give way to their scientific use, vis., with 
the test-organ of the pituitary and the organs which it controls 
as the foundation of the body's auto-protective resources. This 
binds indissolubly pharmacotherapeutics to the general prin¬ 
ciple of immunity—precisely the field I opened in the first vol¬ 
ume of this work. We must learn to bow to Nature’s powers; 
had her mode of work—the doctrine of Hippocrates—inspired 
all researches since his time, Medicine would not only rank as 
a Science to-day, but it would exceed all other sciences in per¬ 
fection. 

As a final conclusion of this chapter, I would submit, there¬ 
fore, that immunising medication is the foundation of rational 
therapeutics. 



CHAPTER XVIII. 

THE INTERNAL SECRETIONS IN THEIR RELATIONS 
* TO PHARMACODYNAMICS 

THE PRESENT STATUS OP THERAPEUTICS. 

In a Presidential Address 1 A. H. Hampton said already in 
1907: “Scepticism is in the air. Even in this society, if any 
daring member has introduced a subject bearing on medical 
treatment, it has been with an apologetic air and humble mien, 
well knowing that if his remarks had any reference to the 
utility of drugs in the treatment of disease they would be sub¬ 
jected to good-humored banter, and received by those sitting 
in the seat of the scornful with amused incredulity.” That 
the same spirit reigns on this side of the ocean hardly needs 
to be emphasised. But few years had elapsed since Prank 
Billings, also in a Presidential Address, 1 declared that “drugs, 
with the exception' of quinine in malaria and mercury in 
syphilis, are valueless as cures,” and what has been termed 
Osier’s “black, hopeless, helpless, therapeutic pessimism,” is 
quite as applicable to a large proportion of the medical men 
of our country. The present work, in fact, was begun under 
the influence of a very similar state of mind. It would lie 
unfair, liowever, to incriminate only pharmacological knowl¬ 
edge on this score; pathology is quite as invalid when the rela¬ 
tions of cause to effect are scrutinized. Indeed, T^ewellys F. 
Barker’s previously quoted estimate that “drugs of unknown 
physiological action cannot conscientiously be set to act upon 
bodily tissue in disease in which we are ignorant of deviations 
from the normal” exemplifies succinctly the dual cause of the 
ignominious position in which practical medicine finds itself. 

In 1920 also in a Presidential Address (American Thera¬ 
peutic Society) I had to deplore the fact that our schools were 
increasingly neglecting therapeutics, and to show that it was 
because the functions of the ductless glands were overlooked, 
that a rational, treatment of disease could not be attained. 
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Referring only for the time-being to therapeutics, no 
apology ia needed, therefore, if the interpretations -of the phy¬ 
siological action of drags 1 present herein differ totally from 
any yet advanced. The introduction of a series of functions 
besides, even, those of the adrenal system, vis., the various pro¬ 
cesses carried on by the anterior and posterior pituitary bodies 
and by the different leucooytes, the additional r61e attributed 
to the red corpuscles, the several blood constituents which play 
so important a part in the life process itself and the defence 
of the organism, etc., .normally entails a complete transforma¬ 
tion of the prevailing conceptions. 

Our fund of experimental and clinical facts has not 
in the least been set aside. Indeed, experimental therapeutists 
have contributed a vast array of positive data which, utilised 
individually, irrespective of any interpretation formulated 
by the investigatora themselves, and suitably grouped, afford 
a rich source of material for the elaboration of doctrines based 
only on established facts, and, therefore, poised on a sound 
foundation. It .is to Horatio C. Wood that we owe mainly 
this mode of investigation, and if it has not as yet borne sub¬ 
stantial fruit, it is not owing to the fact that the principle is 
unsound, but because the building materials were incomplete. 
Besides the various organs enumerated above, are others, the 
functions of which have also been overlooked, Ludwig and 
Cyon’s depressor nerve, for instance, discovered by these 
physiologists in 1866. As I will show below, this nerve plays 
an important part in the self-defence of the organism a gainst 
disease. Again, the fact that the majority of the body-func¬ 
tions have remained unexplained by physiologists has rendered 
it impossible to understand many phenomena provoked by 
drugs. The manner in which a motor nerve produces its 
effects, for instance, is as obscure to-day as it waa fifty years 
ago. Vasodilation is a prominent feature of the action of 
drugs, and yet the manner in which it is brought about is 
absolutely unknown. As pointed out under the next lwflfag, 
this problem is readily solved when the presence of adren- 
oxidase in the blood-stream is taken into account. 

Again, the accumulated evidence of all the practitioners 
of Christendom for centuries is certainly of some value. As - 
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Bampton states: "Although our treatment then, aa now in 
part, may be stigmatized empirical, it was none the less 
founded upon careful clinical experience." Here we have 
a vast array of solid data for the elucidation of the relations 
between cause and effect, i.e., of the manner in which the 
organism responds to exogenous influences. Unfortunately, 
the laboratory experimenter is too prone to ignore the teach¬ 
ings of clinical experience, forgetting that, judged as an experi¬ 
ment, the use of a remedy in a given case is at least as elucida¬ 
tive, with the refined methods of investigation now at the dis¬ 
posal of the clinician, as his own. Were he to add this fund 
of information to his own resources, and scrutinise as closely 
as the protocol of his experiments the recorded results of the 
• ad min istration of the corresponding remedy in disease, ho 
would soon withdraw therapeutics from the position into which 
it has undeservedly fallen, and raise it to the dignity of a 
science. 

In the various familiar drugs studied in the following 
chapters, I have availed myself—as far as space would permit 
—of these two great sources of information; besides the func¬ 
tions of the organs I have introduced into the various problems. 
That this plan must be fruitful, is suggested by an important 
result reached, viz., that in the ease of each drug the physi¬ 
ological action I submit, though differing totally from that 
now taught, explain* clearly how the disease or morbid symp¬ 
tom for which it is used is antagonised and overcome. This, 
in itself, affords strong testimony to the effect that the new 
conception of pharmacodynamics I submit is, in its general 
lines, poised on a solid foundation. 

Before study of the various agents considered in this chap¬ 
ter can be undertaken, however, the manner in which the vaso¬ 
dilator and depressor nerves produce their effects requires 
attention. 

THK MECHANISM OF VASODILATION AND ITS RELATIONS 
TO ORGANIC FUNCTION. 

The existence of vasoconstrictor nerves discovered by 
Claude Bernard in 3851, confirmed by Brown-86quard the fol¬ 
lowing year, has become one of the keystones of modern physi- 
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ology, and its solidity has never been shaken. The mode of 
action of vasoconstrictors is also established. We cannot say 
the same, however, of the vasodilators; the actual existe nc e of 
a dilator center, or even of true vasodilator nerves, in fact, is 
still undetermined. 

in his summary of vasomotor actions, Foster,* for instance, 
says that "there is no adequate evidence that these Vaso¬ 
dilator fibers serve as channels for tonic dilating impulses or 
influences." Landois and Stirling, 4 referring to the "vaso¬ 
dilator center” in the medulla, state that "its existence there 
has been surmised," and furthermore, that "the existence of 
vasodilator nerves is assumed." In another edition of the 
same text-book* published eighteen years later (190S), this is 
modified to the statement that, "although a center for vaso¬ 
dilator or vessel-relaxing nerves has not yet been demonstrated, 
the existence of such a center in the medulla may nevertheless 
be suspected." J. G. Curtis* states that "it is not known 
whether a vasodilator center is present in the bulb." The 
actual state of the question is aptly summarized by H. C. Chap¬ 
man,* when he says: "Though numerous explanations have 
been offered of the manner in which the vasodilator nerves act, 
it must be admitted that none of them are satisfactory, and 
that it is not yet understood how their stimulation causes 
dilatation of the blood-vessels.” 

Even the stronger lines of testimony, those based on 
cutaneous hyperemia, blushing, etc., in favor of the presence 
of vasodilator nerves in the spinal cord, including that afforded 
by excitation of the upper segment of the cervical sympathetic, 
after section, cannot stand dose scrutiny. "Flushing of the 
skin, or a rise of temperature in it," writes Langley,* "are at 
times and in certain circumstances, produced by stimulation of 
the sympthetic; and it is generally believed that the changes 
are due to the presence of vasodilators. The evidence, on the 
whole, is in favor of the presence of such nerve-fibers, but it is 
I think, premature to regard the question as settled." The 
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weaktea of the whole scheme hardly needs to be further 
emphasized. When we consider that vasodilation is the all- 
important factor of function m all organs , the need of aacer- 
ta ining the nature of this process imposes itself. 

No one, of course, denies that dilator effects are witnessed 
in various organa; the obscure feature of the question is the 
manner in which these effects are brought about. Eten Claude 
Bernard's memorable experiment, which conclusively demon¬ 
strated the existence of nerves capable of causing vasodila¬ 
tion, has remained unexplained, as far as the mode of action of 
the chorda tympaniis concerned. The fact that division of the 
sympathetic (constrictor) fibers distributed to the submaxillary 
gland's vessels is followed by dilation of the latter and an 
increased outflow of blood led Bernard to suggest that the 
chorda tympani inhibited the sympathetic fibers. Granting 
that it does represent a physiological function, this interpreta¬ 
tion fails to harmonize with several established facts. Among 
these is the observation of Schiff (1856) and confirmed by sev¬ 
eral investigators since, that "the vessels of any organ are 
dilated to a greater degree by excitation of the vasodilators 
than they are by paralysis of the vasoconstrictors."* It is evi¬ 
dent that "inhibition" or "paralysis" should simply counteract 
the constrictor effects, the vessels retaining their normal 
diameter. In reality, the dilation is much more marked under 
excitation, and the submaxillary gland is no exception to the 
rule. Langley, 19 in discussing the mode of action of inhibitory 
fibers, refers to this view as untenable, and, alluding to "the 
bucco-facial region of the dog, the inhibitory fibers of the heart 
and the inhibitory fibers of the stomach and intestine," 
remarks: "We may conclude for all cases that the inhibition 
which we are considering is not produced fay a lowering of the 
activity of sympathetic or similar nerve cells." Foster’s 11 
estimate in this connection is conclusive: "We may, if we 
please, speak of an inhibitory mechanism* placed in the heart 
itself," says this investigator, "but we have no exact knowl¬ 
edge of the nature of such a mechanism." 

In the vasodilator phenomenon discovered by Claude Ber- 
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nud we here on illustration of the active function* ol til 
organa. But how does the chords tympani cause wodflfttinnf 
The solution of this problem furnishes that of a multitude of 
questions in the domains of physiology, pathology, and thera¬ 
peutics. 

If the foregoing estimates are reduced to their simplest 
expression, our knowledge of the source and nature ot vaso¬ 
dilator impulses is shout as follows: we have a problematic 
center, grafted upon another center known to transmit 
impulses at an opposite kind; this problematic center is sup¬ 
posed to be the source of dilator impulses through nerves which 
have not been shown to act as channels for them, and which 
serve to dilate vessels which do so automatically, when all 
nerves distributed to them are severed. In other words, the 
conception is.illogical from start to finish. It may be objected 
that the cord itself is the source of dilator impulses, and that 
nervi erigentes, for instance, may be made to produce dilator 
phenomena reflexly when the cord is severed above the lumbar 
region. But this in no way modifies the situation, for the 
spinal cantors are thus merely brought into line with others 
credited with similar functions: the pontine nucleus of the 
facial nerve, the source of the chorda tympani'a stimuli, for 
example. The manner in which these spinal centers cause 
vasodilation is no less obscure. 

A key to the situation is within reach if all prevailing 
theories are set aside and facts only are accepted 'as guide? 
We know that constrictor impulses originate from a vasomotor 
center or subsidiary centers; we know that vasodilator effects 
are produced* Why should constrictor impulses not give rise 
to dilator sffsctst 

Claude Bernard's experiment is outlined by Leonard Hill 1 * 
in the following words: "Exposing the submaxillary gland, he 
opened one of the efferent veins and observed the outflow of 
blood. On dividing the cervical sympathetic nerve, the blood 
flowed in increased volume and became more arterial in- color. 
On exciting the same nerve the outflow entirely msnfifl *l»» 
gland became pale in oolor. He next excited the chorda tym- 
pani nerve; the gland blushed red, and almost .immediately 
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bright arterial blood gushed out from the vein. The vascular 
dilatation vaa, in this case, so great that the blood, with each 
pul s a tio n id! the artery, flowed from the veins in jets.” 

The dhorda tympani fulfills a dual rifle. "When the 
chorda is stimulated,” says Foster, 1 " "there pass down the 
nerve, w* Addition to impulses affecting the blood-supply, im¬ 
pulses affecting directly the protoplasm of the secreting cells, 
and calling it into action.” These fibers were traced to the 
secretory elements by Pfliiger, and his observation was con¬ 
firmed by Paladino in 1876, and subsequently by Navalichin 
and Kytmanoff, Fusari and Panasci, and Ramon y Cajal. 14 
When, however, the fibers to the secretory cells are paralysed, 
the vascular phenomena are not modified. "If a small quantity 
of atropine be injected into the veins,” says Foster, 1 * "stimu¬ 
lation of the chorda produces no secretion of saliva at all, 
though the dilatation of the lflood-vessels takes place as usual; 
in spite of the greatly increased blood-supply.”* This is a 
familiar physiological fact, first observed by Ludwig many 
years ago, which shows that however produced, the vasodilator 
effects must be ascribed to the chorda tympani only. 

The salient features of Bernard’s experiment, besides the 
vascular dilation, are an increased volume of blood, the pres¬ 
ence of arterial blood, and the expulsion of the latter in jets 
coinciding with arterial pulsations. To meet the needs of the 
first of these phenomena, it is, of course, necessary (1) that an 
increased volume of blood be admitted to the organ, and (8) 
that the blood-pressure be increased behind the column of 
blood so admitted. Obvious as these two conditions are, how¬ 
ever, they embody, it seems to me, a solution of the question 
in point, for: given an adequate pressure behind an increased 
volume of blood, we have a column which exerts centrifugal 
pressure upon the walls of the vessels through which it passes 
and capable, therefore, of dilating them. To account for the 
arterial character of this column of blood and its expulsion in 
jets, we require larger vessels than the arteriole in the gland 
proper. The three or four submaxillary branches which sup- 
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ply the gland furnish enough blood when the organ is inac¬ 
tive to form “a thin alow stream” and supply the needs of the 
mechanism. Derived as they are from the facial artery, any 
increase of their caliber would normally give free away to the 
marked back pressure which this vessel affords. The dose 
proximity of the facial artery to the external carotid, of which 
it is a branch, its anatomical relations with the snbmaxillaxy 
gland, and the fact that it pulsates actively, clearly point to 
this vessel as a prominent factor of the process. But how is 
it made suddenly to shift, as it were, an additional volume of 
blood into its submaxillary branches—which requires widening 
of the lumens through which the blood enters the latter—end 
simultaneously increase its own propulsive power? This 
increase must be very marked, for “during stimulation,” says 
Foster, “the blood rushes out in rapid, full stream." A very 
simple mechanism, the various parts of which are familiar 
anatomical landmarks, seems to me to satisfy all the needs of 
the function. 

We have seen that the chorda tyxnpani alone increases the 
functional activity of the gland. This nerve has two sets of 
fibers: secretory and vasodilator. Both of these are given off 
(anatomically) from a small ganglion, the submaxillary, found 
above the hilum of the organ. A feature of the distribution of 
this ganglion's fibers, however, is that some of them penetrate 
the gland proper, while others pass directly to the walls of the 
submaxillary branches of the facial artery, and to the latter 
likewise. Now, all these vessels are within the limits of those 
supplied with vasa vasorum, at least that first given by Henle, 
1.1 millimeter. Their walls thus receive blood as do other struc¬ 
tures, and are also oxygenated directly from the general circu¬ 
lation. These nutrient arterieB, the largest of which, accord¬ 
ing to Gimbert, 1 * have a diameter of 0.017 millimeter, form an 
anastomosing network in the tunica adventitia, composed 
chiefly of fibrous connective tissue intermixed with a network 
of elastic fibers, but K&lliker, Eberth, 1T Aeby ta and others 
since found that the outer third of the middle coat, which con¬ 
tains a large proportion of muscular cells disposed mainly in 
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Fig. 1. Arteriole of 2BD microns X 55. 
Fig. 2, Arteriole of 45 microns x 520. 
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<4 .ifcii coat, however, la aa 
■ fynpp ilj p^t, ^jRJjttatt pa thologi ca l proo e sw, and it is 
now generally Amgfct that juttriant vessels do not pene¬ 
trate tte floai^Jteept in the largest vessels. Sfeatespaare** 
aays in. this jPOyoto: "In the large vessels the middle 
and outer ^coflitef am supplied with blood-v essels- - t he vaaa 
vaaonteu fit e jnr inateneea capillaries enter the tunica 
intima.* Whik, $therefore^ raaa Taaorum form an irregular 
bat dose meshw*$rk in the flbro-elastic layer, they can only he 
■ said to reach in man the surface of the deeper or muacular 
layer. 

That this network of nutrient capillaries is not itself sup¬ 
plied with vasomotor nerves is self-evident. These are doubt¬ 
less distributed to the arterioles from which the capillaries are 
given off. That very minute arterioles are supplied with a vaso¬ 
motor, network is well shown in the annexed plate by Joris,* 1 
the u ppe r "vessel being about one-quarter of a millimeter, while 
the lower is but forty-five thousandths of a millimeter in 
diameter. 

Important in this connection is the structure of the 
small vessels which, though referred to generally as "arteries,” 
are, in reality, arterioles as regards histological structure and 
sisa. ■ In this «!■— of vessels, the internal coat is composed of 
endothelial plates only. Overlying this coat is one composed 
of what Banvier termed the "internal elastic lamina,” and of 
a layer of nonstriated muscular cells. Both this layer and the 
elastic layer are thus blended functionally, as it were. Now, if 
a cross section of such a vessel is examined, the elastic coat will 
be seen to have a wavy or festooned circular outline. "The 
internal elastic layer,” says Banvier, aa "as are all structures 
composed of elastic, material, are elastic only to a limited 
extent, and when it is compressed by the annular muscular 
layer, it often happens that the lower limit of elasticity is sur- 
pumd, that in order to accommodate itself within the 
restricted space reserved for it, it must fall into longitudinal 
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fold*. Hence the festoon seen In cross sections, whereas in 
longitudinal sections of small arteries the folds formed under 
the influence of the muscular contraction cause it to appear 
as longitudinal strias.” 

The manner in which the muscular coat of arterioles (mean¬ 
ing thereby the smallest of arteries, those which join the capil¬ 
laries or the so-called pre-capillary vessels) is disposed around 
them is also of considerable importance. Thus, referring to 
these particular vessels, Berdal M writes: “The muscular cells 
form a single and continuous layer around the small arterial 
vessel. They are rolled spirally around the arteriole.” Aa I 
will show in the next chapter, this enables these vessels (under 
the influence of sympathetic impulses) to propel their blood 
into the capillary system and to cause the arterioles to resume 
their normal diameter after they have been caused to dilate 
through the mechanism now in question. 

The mechanical process of vasodilation will now appear. 
As nutrient arteries, the vasa vasorum supply the walls of the 
vessels to which they are distributed with blood obtained from 
a neighboring artery. This blood, as elsewhere, enhances the 
functional activity of these tissues by increasing metabolism 
in the cellular elements of which they are composed. Again, 
Hoy * 4 showed that the thermo-elastic properties of animal 
tissues differed from that of most other substances, and that 
they contracted when the temperature was raised and expanded 
when the temperature was lowered. We thus have two inter¬ 
dependent factors, one chemical and the other physical, depen¬ 
dent upon the blood of the vasa vasorum , capable of influencing 
the caliber of the vessels to which they are distributed. It 
is now evident that constriction of the vasa vasorum, by arrest¬ 
ing or reducing the flow of blood to the walls of the vessels 
they nourish, will lower both metabolism-and heat in these 
vessels, thus causing relaxation of their spiral muscular ele¬ 
ments, and as a normal consequence, dilation. We thus have 
vasodilation of arteries and veins produced by vasoconstriction 
of their nutrient vessels—as illustrated in the next chapter. 

This interpretation meets the—so far unexplained—fact 
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fta ^' “ obwsrv ®d by Schiff, vessels dilated by their vasodilators 
expand to a greater degree than when their constrictors are 
severed. In the latter case, nerve impulses are alone arrested, 
and the vessel continuing to receive its nutrient blood, it Boon 
resumes its normal caliber. When the nutrient blood of the 
vaaa vaaorum, on the other hand, cannot reach the vascular 
walla, both causes of constriction fail, since the walls are no 
longer able to respond to nervous stimulation. Again, it 
accounts for all the phenomena observed by Claude Bernard. 
She dilation of the gland’s vessels is left, to a certain extent, 
under the influence of the volume of blood forced through 
them from behind. Here the source of general supply being 
the facial, a branch of the external carotid, we have not only- 
after vasodilation of the submaxillary arteries induced by con¬ 
striction of their nutrient vessels—a marked increase of the 
volume of blood in transit through the organ, but it is pro¬ 
pelled with such rapidity through the latter that the change 
to venous blood cannot occur. Finally, the streams, under ttic 
influence of the greater artery’s periodical contractions, leave 
the gland in jets. 

Again, it docs away with the need of a dilator center 
which no one has ever located, and of dilator nerves which no 
one has ever seen. Inasmuch, however, as Langley** found 
that extirpation of the superior cervical ganglion, which causes 
degeneration of the sympathetic fibers distributed to the ves¬ 
sels of the gland, did not prevent vasodilation when the chorda 
was stimulated, the constrictor fibers of the vasa vasorum are 
not sympathetic fibers. They are evidently the fibers in 
cranial nerves which incite functional activity in all organs by 
increasing the volume of their blood supply. In view of the 
fact that they provoke dilator effects by transmitting con- 
etrictor impulses, I will henceforth refer to them as " etricto- 
dilator" nerves—a distinction of paramount importance in 
therapeutics, as will be shown. 

Finally, it meets all the conditions which, according to 
modem physiologists, an explanation of the mechanism of vaso* 
ditation should embody. Thus Howell** (1905) writes: “There 
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has been much discussion in physiology as to the nature of the 
action of the dilator fibers. The muscular coat of the small 
arteries runs transversely to the length of the vessel, and it 
is plain that when stimulated to greater contraction through 
the constrictor fibers it must cause a narrowing of the artery. 
It is not so evident how the nerve impulses carried by the dila- 
■tor fibers bring about a widening of the artery. At one time 
peripheral sympathetic ganglia in the neighborhood of the 
arteries were used to aid in the explanation, but, since histo¬ 
logical evidence of the existence of such ganglia is lacking, the 
view that seems to meet with most favor at present is as fol¬ 
lows: the dilator fibers end presumably in the muscle of the 
walls of the arteries, and when stimulated their impulses inhibit 
the tonic contraction of this musculature and thus indirectly 
bring about a relaxation. Dilatation caused by a vasodilator 
nerve fiber always presupposes therefore a previous condition 
of tonic contraction in the walls of the artery, this tonic condi¬ 
tion being produced either by the action of vasoconstrictor 
fibers, or possibly by the intrinsic properties of the muscle 
itself.” 

I conclude, therefore, that (1) vasodilation is due, in the 
case of arteries and veins, to the diminution of blood-plasma and, 
therefore, of adrenoxidase, in the muscular layer of these ves¬ 
sels; (2) the blood-plasma being supplied to the vascular walls 
by the vasa vasorum, it is through contraction of these nutrient 
vessels that dilation of the vessels is caused; (3) the vasa 
vasorum receiving their blood-plasma from larger arterial ves¬ 
sels supplied with vasoconstrictor nerves, it is through vasocon¬ 
striction of these vessels that the volume of blood circulating 
through the vasa vasorum is diminished; (4) it is therefore by 
vasoconstrictor action that vasodilation is produced, “vasodilator 
nerve s" having no existence in fact; (5) vasodilation being 
caused by constriction of the nutrient arteries of a vessel, the 
vasomotor nerves supplied to these nutrient vessels should not 
be termed " vasodilator a" but "stricto-dilatorsf* 

As Stewart" states, the fact that “an organ in action in gen¬ 
eral receives more blood than the same organ in repwe” is “a 
physiological law of wide application.” In the light of the svi* 

"Stewart: "Mural of PhroM..” fourth eSUkm. 9 . M, 1MB. 



TH* ADRBNO-TUYROIO CKNTIR. 


1125 

dance adduced, this constitutes the cardinal feature of all func¬ 
tional processes since it iato the presence of j n 

increased quantities that any exacerbation of activity, whether 
it be contraction or secretion, is due. It ia apparent, therefore, 
that this mechanism of vasodilation is that through which all 
exacerbations of activity in any organ, whether belonging to the 
alimentary, circulatory, locomotorvisual, auditory, or any other 
system, is incited and sustained. 

The influence of thiB mechanism will become evident under 
the next heading. 

THE POSTERIOR PITUITARY T1IE SEAT OF A CENTER (THE 
ADRENO-THYROID CENTER) THROUGH WHICH THE 
TEST-ORGAN INFLUENCES THE SECRETORY 
ACTIVITY OF THE ADRENALS AND 
THYROID APPARATUS. 

Leonard Hill, 88 in a review of our knowledge upon the 
mechanism of the circulation, writes: "In the rabbit, from 
the junction of the vagus and superior laryngeal nerves, there 
arises by two roots a fine nerve, which courses down the neck. 
On excitation of the central end of this nerve, Ludwig and 
Cyon witnessed a surprising fall of arterial pressure, accom¬ 
panied by a slight decrease in cardiac frequency. The peri¬ 
pheral end failed to give any response to stimulation. Thus 
the purely afferent nature of the nerve was established.*’ 

."This nerve was named, by Ludwig and Cyon [in 

1866], the depressor, for it possessed the power of depressing 
the arterial tension by 30 to 50 per cent. Ludwig and Cyon 
observed that, on stimulating the depressor, the kidney flushed 
red with blood, while the fall of arterial tension became insig¬ 
nificant after section of the splanchnic nerves.”."In 

different mammals, many variations are to be marked in the 
course of this nerve, but fibers with a depressor function are 


to be found.”."In man the homologous nerve arises 

from the vagus from the junction of the vagus and superior 
laryngeal nerves, but quickly joins again the main trunk of the 
vagus.”."Almost all parts of the vascular system can 


be thrown into dilatation by the depressor nerve.” 
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The manner In which this effect is produced is still 
obscure: “The question is one not definitely settled/' accord¬ 
ing to Hill, "and no conclusion as to the exact method of action 
of this nerve can be drawn." That it is not due to excitation 
of what he terms a "hypothetical vasodilator center” is sug¬ 
gested by the fact that vasodilator nerves "are easily exhausted 
by artificial stimulation,” while the depressor is "inexhaus¬ 
tible.” Cyon himself denies any relationship with such a cen¬ 
ter. As I have pointed out, moreover, the latter » not required 
to explain vasodilator phenomena. In fact, the spinal system 
cannot transmit the vasodilator impulses reilexly, since, as 
stated by Hill, after "dividing the spinal cord in the dorsal 
legion, excitation of the depressor still causes a fall of arterial 
pressure.” This obviously eliminates the vasomotor center 
also. Indeed, Porter and Beyer/* in an experimental study 
of this feature of the problem, state that they found “no evi¬ 
dence to warrant the opinion that the depressor nerves have 
special connections with the cells in the vasomotor center asso¬ 
ciated with the splanchnic fibers.” Now, since as stated by 
Hill, "the splanchnic area is by far the most important seat 
of dilatation provoked by the depressor nerves,” it is evident 
that the vasomotor center has nothing to do with the process. 
This leaves the latter totally unexplained. 

This result is not surprising, in view of the fact that the 
functions of the pituitary body and of the thyroid gland, as 
I have interpreted them, alone make it possible to understand 
the process through which the depressor produces vasodilation. 
A comprehensive study of the question, which can only be 
represented here by a few salient facts, has led me to conclude 
that the depressor nerve produced this phenomenon by inhibiting 
the functions of the thyroid gland and pituitary body, and 
through the latter that of the adrenals. 

Laulanii** states that the pituitary body "is in relation 
with the sympathetic, the vagus, and the depressor nerve”—a 
fact established by Cyon’s experiments. That fibers of the 
cervical sympathetic are distributed to the pituitary body 
through the carotid plexus is well known. We have seen, 
moreover, that disorders of the anterior pituitary accompanied 
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by local congestion give rise to glycosuria. 11 Now Cyon and 
Alsdott** found that lesions or removal of the upper thoracic 
or inferior cervical ganglia, or division of the loop of Vieussens, 
caused diabetes. All these contain sympathetic fibers which 
ascend to the superior cervical ganglion, l’svy” also states 
that “of all the operations on the syinpathctie of the dog that 
have os yet been performed, removal of the superior cervical 
ganglion the most rapidly and strongly produces diiilietcs." 
As the fibers of the upper portion of the sympathetic other 
than those distributed to the pituitary supply various struc¬ 
tures of the eye, those to the pituitary can alone explain this 
phenomenon. The manner in which this procedure causes 
diabetes is plain under these conditions: the sympathetic 
terminals to the pituitary being, as elsewhere, vasomotor, 
division of the nerve causes passive dilation of the vessels dis¬ 
tributed to this organ, and the resulting congestion of the 
anterior lobe (by far the larger of the two, and thu sent of the 
test-organ) gives rise to glycosuria by stimulating the adrenals. 
As previously stated, Blum, Croftan, Herter and others found 
that adrenal extract, adrenalin, etc., caused glycosuria. 

Judging from the fact tluit vasodilation thus produced 
elsewhere in the body is temporary, however, the glycosuria 
should likewise be ephemeral: Pavy especially mentions the 
“temporary nature” of the marked diabetes following the 
experimental operation. On the other hand, if division of a 
nerve causes vasodilation, it is obvious that stimulation of the 
upper segment of that nerve should cause vasoconstriction. 
This is the rflle played by the depressor: forming part, as it 
does, of the cervical sympathetic, it was the nerve which, when 
cut by Pavy, caused vasodilation in the anterior pituitary and 
glycosuria, and which, conversely, causes vasoconstriction in 
this organ when its central or upper end is stimulated. The 
same effect is produced when the impulses (the nerve lieing, 
we have seen, entirely afferent) originate in the heart; the 
functional activity of the adrenal center being lowered by the 
contraction of its vessels, that of the adrenals is restrained in 
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proportion and, leu adrenal secretion being secreted into the 
blood, the vessels of the body at large dilate. 

Under these conditions, division of the cervical sympa-. 
thetic, by causing congestion of the anterior pituitary, and, 
therefore, stimulation of the adrenals, should antagonize 
(through the rise of vascular tension and blood-pressure caused 
by the secretion of the latter organs) the depressor action: 
Hill' 4 states, referring to the lowered pressure caused by the 
vasodilation of depressor origin: “This fall is abolished 
by section of the cervical sympathetic nerves." Again, as the 
end-result is due to inhibition of the adrenals and diminution 
of their secretory activity, other means capable of interfering 
with their functions should also reduce the vascular tension 
and the blood-pressure—the results of vasodilation. Oliver 
and Schiifer have shown, as is well known, that adrenal extracts 
cause a marked rise of the blood-pressure. Strehl and Weiss,* 1 
on the other hand, found that clamping of the adrenal veins 
caused it to decline, and moreover, that on releasing the vessels' 
the pressure would return to the normal. 

The depressor nerve does not supply vasoconstrictor fibers 
to the pituitary body alone, however. Cyon** has recently 
studied the action of this nerve upon the vessels of the thyroid 
gland and found it very marked. He noticed, moreover, that 
it influenced correspondingly the abdominal and peripheral 
vessels. The nerves were found to be distributed to the 
arteries and were of two kinds, vasoconstrictor and vasodilator, 
and to reach them either by way of the superior laryngeals or 
through the plexus often formed by the depressor with the 
sympathetic and vagal nerves. 

What are the functions of these vasoconstrictor and vaso¬ 
dilator nerves? 

As to the vasoconstrictor branches, E. Cyon," in a re¬ 
view of his experimental work upon the innervation of the 
thyroid, states that its “vasoconstrictors are sympathetic fibers." 
He found, moreover, that the depressor sent a branch to 
organ, and that “the heart had a powerful regulator influence? 
on the quantity of blood circulating through it. On the other 
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hand, a clinician, Murray,” observed that "the effect of pro¬ 
longed administration of thyroid upon the healthy gland is to 
cause a condition of pallor, some diminution in weight, slight 
diminution in sise of the gland, but without any microscopic 
evidences of atrophic changes.” Here we have precisely the 
condition produced by a similar process on the pituitaiy. 
When constricted the arteries allow less blood—and, therefore, 
fewer blood-cells—to enter the organ, and its functional activ¬ 
ity is reduced. In other words, through the constrictor branches 
it sends to the pituitary body and to the thyroid, it reduces 
simultaneously the functions of both organs. 

Tim fact that the depressor nerve causes vasoconstriction 
accounts for the heretofore paradoxical observation that, as 
stated by Hill, depressor effects cannot be obtained after the 
injection of strychnine—in toxic doses, I would add. These, by 
causing general vasoconstriction, affect in a similar way the 
thyroid and the pituitary body. The depressor producing 
likewise vasoconstriction, its effects are forestalled. Indeed, 
Oliver and Schafer” found that depressor effects cannot be 
obtained "while the arteries are contracted by intravenous 
injection of suprarenal extract.” 

These various facts have served to bring out an important 
practical feature, concerning the avowed purpose of the depres¬ 
sor in the organism: Can we conclude with Cyon that, as he 
says, this nerve enables the heart "to control the resistance 
which opposes its evacuation,” or, in other words, to provoke 
vasodilation, when excessive general vasoconstriction causes 
the blood-column to resist unduly the heart’s contractions? If 
such were the case, why does not stimulation of the central end 
of this nerve overcome the general vasoconstriction produced by 
strychnine and adrenal extract? It is evident that this can¬ 
not be the main function of the depressor, for, as Is well known, 
the vascular pressure is raised dangerously by various poisons, 
especially during spasm, and there is no evidence that the 
depressor fulfills the rfile ascribed to it by Cyon. Its true 
rOle is of another kind. 

This introduces the function of the vasodilator fibers 
which the depressor supplies to the thyroid. 
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■ In the light of the conchuiane suhmitted under the j on- 
ceding heading, the vasodilation observed by Claude Bernard 
in the maxillary gland indicates increased functional activity, 
and that this applies to all other organa As I have shown, 
moreover, that leucocytes virtually carry, on the functions of 
the thyroid, this vasodilation involves the presence of a larger 
number of leucocytes in this gland, and therefore, hyperac¬ 
tivity of the organ. As this ia manifested by increased secre¬ 
tory activity, an excess of thyroidaae should be produced. Now 
various clinicians, Boger and Garnier, 44 Odoacre Torn, 41 Vin¬ 
cent 41 and others, have observed that in various diseases, includ¬ 
ing the infections, the thyroid was not only overactive, but that 
it produced an excess of colloid, its secretion. In view of the 
faces (1) that the posterior pituitary incites functional activity 
in organs belonging to the field of the vagus; (2) that toxic 
wastes, certain toxins and poisons stimulate the test-organ; 
and (3) that the depressor nerve also sends fibers to the 
pituitary body, as shown by Cyon, the manner in which this 
is brought about suggests itself, viz.: the pathogenic elements 
of the diseases referred to, which include exanthemata, tuber¬ 
culosis, typhoid fever, etc., stimulated the adrenal center as 
usual, and, therefore, the adrenals; but, in addition to this, 
and through the depressor vasodilator fibere to the thyroid, the 
secretory activity of this organ. 

This affords a complete mechanism for automatic defence: 
The excess of thyroidaae to sensitize and soften (as agglutinin) 
the bacteria and other pathogenic elements, and thus prepare 
them for destruction; the excess of adrenoxsdase to increase 
the functional activity of the pancreas and leucocytogenic 
organs, and to charge the blood with trypsin, nudeoproteid 
granules, and aggressive phagocytes. All these substances, 
adrenoxidase, trypsin, nudeo-proteid and phagocytes, then unite 
to destroy the pathogenic agent, previously prepared by the 
thyroidase to insure its dissolution. 

A cardinal feature of the whole defensive mechanism 
asserts itself in this connection: The vasodilator fibers of the 
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tiyntik (torn* of which also supply the parathyroids) jointly 
COBBtitate the thyro-parathyroid secretory nerve, just as the 
va s o d il a tor nerves supplied to the adrenals constitute the adrenal 
secretary nerve. Inasmuch as both the thyro-parathyroid and 
adrenal secretions form part of the blood's bacteriolytic and 
antitoxic substance, it is evident that both must, in order to 
insure the full efficiency of the latter, be secreted simultane¬ 
ously in appropriate proportions. It follows that this function 
must be governed by a single center, the adreno-thyroid center. 

Again, inasmuch as it is through the test-organ that all 
agents which increase the functional activity of the adrenals aiul 
through them the defensive properties of the blood and its cells, 
enhance oxygenation and function throughout the entire organ¬ 
ism, it follows that it must also lie through this organ that the 
functional activity of the thyroid and parathyroids is increased. 
Whereas, however, the test-organ is a sensitive structure, pre¬ 
cisely as the olfactory area of the nasal cavities is a sensitive 
structure (of which, in fact, it is, as we have seen, the hoino- 
logue), its impulses are sensory and afferent, and os such, there¬ 
fore, incapable of inciting or augmenting function directly, it 
is evident that, as is the case throughout the entire nervous sys¬ 
tem, they must first of all be converted into motor stimuli. In 
view of the evidence, histological, clinical, physiological and ana¬ 
tomical, submitted, the posterior or neural lobe of the pituitary 
not only receives fillers from the test-organ, hut it also pro¬ 
jects nerve-chains to the base of the brain, which ultimately 
end in the adrenals and in the thyroid apparatus. It is in the 
posterior lobe of the pituitary, therefore, that the ad reno¬ 
thyroid center is located, and when drugs, poisons, catabolic 
wastes, etc., awaken a protective reaction of the test-organ, it is 
through this center that the secretory activity of the adrenals 
and thyroid g?and and glandules is activated. 

On the whole, all the evidence submitted in the foregoing 
pages, supplemented by that embodied in the preceding chap¬ 
ters, tends to show: (1) that the test-organ governs the secre¬ 
tory activity of the adrenals and of the thyroid and parathy¬ 
roids through the intermediary of a center located in the pos¬ 
terior pituitary body, the adreno-thyroid center; (8) that when 
drugs; poisons, toxins•, waste-products, etc., provoke a defensive 
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noeiiofi 0 / <A« test-organ, it is ftp exciting simnUanecuHy *Wr 
adrenals and the thyroid apparatus, through the adreno-ihyroid 
center, that it (the test-organ) increases the proportion of 
adrenozidase and thyroidase in the blood; (3) as adrenoxidme, 
by hastening metabolism, provokes leucocytosis (including an 
increase of phagocytes) and an increase of nucleo-proteid and 
trypsin, and combines with these bodies to form the bacteriolytic 
and antitoxic constituents of the blood and of its phagocytes, 
while (4) thyroidase sensitises (as opsonin) the pathogenic 
germs and substances to render them vulnerable to these defen¬ 
sive constituents, it follows: (5) that the adreno-thyroid con* 
ter. Hinder the dependence of the test-organ, is the center through 
which all the body’s auto-immunizing functions are governed .• 

Hereafter, to avoid confusion, however, 1 will refer to this 
center as the "adrenal center” in most instances since the only 
clearly deAned phenomena are those directly ascribahle to bodies 
formed through the agency of the adrenals. It will he under¬ 
stood, thereby, that the “adreno-thyroid” center is meant and 
that the thyroid apparatus is always stimulated simultaneously. 

The participation of the depressor nerve in this mechanism 
is shown conclusively from another direction:—Cyan" ob¬ 
served another important fact, vis., that when he injected 
iodothyrin—a thyroid extractive—the excitability of the de¬ 
pressor became intense and the vascular pressure declined 
often to two-thirds of the normal. In one instance, in fact, 
the animal died suddenly. Cyon ascribes death in such in¬ 
stances to paralysis of the vasoconstrictors. From my view¬ 
point, it is due to quite another and opposite cause—that pre¬ 
viously referred to as of exceeding practical importance: ex¬ 
cessive constriction of the vessels of the pituitary and thyroid, 
and, as a result, arrest of the vital functions owing to deficient 
supply of adrenoxidase and thyroidase. The general vasodila¬ 
tion produced is but a secondary or epiphenomenon under these 
conditions. As to the process through which iodothyrin evokes 
these phenomena, Cyon ascribes it to the fact that it increases 
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thd saaUdbOUy of the nerve. This harmonizes perfectly with 
tty. own view) since, as I have pointed out, the function of 
thyroidase is to sensitize all cells, to endow them, in other 
words; with irritability. Thyroidase sensitizes the nerve 
directly, therefore, by circulating with adrenoxidaae, its 
ubiquitous companion, in the neurons composing it. 

In accord with the evidence submitted, the vasoconstrictor 
effects produced by various drugs, even when administered in 
toxic doses (as will be shown farther on), are in no case coun¬ 
teracted by the depressor nervo; it is evident, therefore! that 
(1) if is not the function of the depressor nerve, as now be¬ 
lieved, to cause general vasodilation when excessive general vaso¬ 
constriction causes the blood column to offer undue resistance 
to the heart’s contractions; (8) in practice Vie vasodilation 
witnessed when the central end of this nerve is stimulated 
experimentally, occurs only when excessive doses of thyroid 
extract are administered, because it adds to the blood what thy¬ 
roidase it contains; (3) the excitability of the depressor nerve 
being increased artificially by this excess of thyroidase, it in¬ 
hibits the functions of the pituitary and thyroid and by thus ' 
reducing the proportion of adrenoxidaae (and thyroidase) in 
the blood reduces the vascular tension sufficiently, when toxic 
doses of thyroid extract are administered, to cause death. 

I must lay stress on the fact that this docs not mean that 
the depressor nerve cannot produce vasodilation: It means only 
that general vasoconstriction, however marked, cannot itself 
provoke general vasodilation through the intermediary of this 
nerve. Inasmuch as it can inhibit the functions of the thyroid 
gland and anterior pituitary by constricting their arteries, it 
is able to reduce general oxygenation and metabolism through¬ 
out the entire body, including the muscularis of all vessels, thus 
causing them to relax, i.e., to dilate. As I will show in the 
twentieth chapter, deep is produced through the depressor nerve . 
by a corresponding mechanism. Hence the fact that when 
stimulated experimentally, this nerve produces vasodilation. In 
other words, the nerves which have been known as the "depressor 
nerved’ are those through which the adreno-thyroid center regu¬ 
lates the circulation of the anterior pituitary body and of the 
thyroid apparatus. 
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DRUGS WHICH ENHANCE THE DEFENSIVE PROPERTIES OF 
THE BLOOD BY PROMOTING THE FORMATION. 

OF AUTO-ANTITOXIN. 

In his review of the subject of Active Immunity, Lazarus- 
Barlow, 44 after referring to Pasteur’s, Haffkin’s and Wright’s 
application of the principle of inoculation in various diseases, 
writes as follows: “Immunity may be conferred by repeated 
inoculation with small doses of virulent microorganisms. In 
this method it is obvious that a direct attempt is made to copy 
nature. The dose inoculated must, of course, be less than the 
minimal lethal dose. When the animal has recovered, it is 
found to possess a certain degree of immunity, and one is able, 
by gradually raising tho dose of virus injected in successive 
inoculations of tho same animal, to raise the degree of 
immunity which it possesses. Ultimately the animal may with* 
stand with ease a dose equal to many times the dose which 
would at first have been fatal. 

“The most important method we possess for obtaining 
acquired immunity is that introduced by Salmon and Smith in 
America. These investigators found that, if the sterilised 
products of the bacillus of hog-cholera be injected into pigeons, 
the birds became resistant to subsequent inoculations with the 
bacillus itself. This method is of vast importance, both from 

a practical and from a theoretical point of view. 

Numerous examples of immunity acquired in this manner ore 
known, but the most striking are perhaps those obtained in 
the cases of B. tetani, B. diphtherirr, and B. pyocyaneus. 

“Just as. when conferring immunity by doses of virulent 
microorganisms^ it is necessary to commence with doses far 
below tho lethal dose, and to gradually increase the amount 
inoculated, so in this method of ’immunization by chemical 
products* it is necessary to begin with very small doses of the 
toxin and to gradually increase the dose as immunity is being 
acquired. If this process be carried out with care, an animal 
may in time acquire so great a degree of immunity that it will 
withstand an injection of many hundred times the dose of 
poison that would have, at first, killed it with certainty. This 
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method is adopted (in some cases in conjunction with inocula¬ 
tion of cultures of living and virulent bacilli) in the prepara¬ 
tion of antidiphtheritic serum from hones. There is a limit, 
apparently, for each animal, beyond which an acquired 
immunity of this kind cannot be pushed. 

“It has been found that an immunity may be acquired 
after feeding an animal with toxin. Little is known with 
reference to this method, but it is of great interest in connec¬ 
tion with the beneficial results obtained in myxiedema by feud¬ 
ing with thyroids of the sheep.” 

It is my purpose to show in the following page* that, inter¬ 
preted in the light of my views, several of our remedies, par¬ 
ticularly some of those now characterized as “alteratives,” 
behave as do toxins when introduced into the organism, in the 
sense that they confer upon the patient the power to resist 
infliction. This, from my standpoint, is due, as previously 
shown, to a compound (adrenoxidasc, nucleo-proteid and a 
zymogen), which, whether as trypsin, stcapsin, amylopsin, etc. 
(according to the zymogen it contuins) submits proteitls, fats, 
glycogen, starches, etc., and bacteria and their toxins as well, to 
a process of digestion—a process which, according to the pres¬ 
ent teachings of physiological chemists, is one of hydrolytic 
cleavage. 

Again, referring to “passive immunity,” Tjazarus-llarlow 
writes: “It was found by many observers, among whom 

Behring stands preeminent, that when an animal has, by any 
of the methods described above, lieen immunized against a 
given infective agent, the blood-scrum of that animal, it 
inoculated into other animals, can confer upon them also an 
immunity against the same infective agent.” The truth of 
this law he regards ns “now firmly established. It has been 
demonstrated,” he adds, “in the eases of rabies, of tetanus, of 
diphtheria, of pneumonia, and of other diseases. Ehrlich 
extended the range over which this law holds good by showing 
that animals may be actively immunized against ricin (the 
active principle of castor-oil beans) and abrin (the active prin¬ 
ciple of jequirity seeds), and that the blood-serum of such 
immune animals is able to confer passive immunity against 
ricin and abrin respectively in other animals. And Calmette, 
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ixbm such t fond of knowledge conce rning the effects of 
IndifM^al toxins) each drug shows specific properties especially 
in ther toxic phenomena they produce, which, as 1 will show, 
be accounted for. In thyroid gland, for instance, we have 
an example of a drug capable of raising the blood's asset in 
auto-antitoxin, since it enhances markedly general metabolism. 
At a given time, however, the arteries begin to dilate and keep 
on doing so. The reason for this is plain: thyroidaae acting 
directly, as shown by Gyon, on the depressor nerve, it causes 
general vasodilation by constricting the arterioles of the 
pituitary body, reducing thereby general metabolism-in the 
vascular walla Mercury presents another phase. Though 
likewise able powerfully to raise the activity of metabolism and 
the blood's supply in auto-antitoxin, it fails to provoke the for¬ 
mation of sufficient thyroiodasc to cause the depressor to con¬ 
trol the pituitary body—the proportion of thyroidaae added to 
the blood even by toxins being always very small. So marked is 
the stimulating action on the teat-organ and adrenal center, that 
metabolism is increased to unsafe limits and excessive salivation, 
tissue destruction occurs, simply because the auto-defensive pro¬ 
cess has been converted into an. auto-destructive process by an 
excessive quantity of auto-antitoxin in the blood. Not only are 
bacteria, toxins, etc., destroyed, but the blood-cells, and some¬ 
times the tissue likewise. In iodine (and its salts), we have 
another powerful stimulant of the adrenal system, and the fact 
that it is the main constituent of the thyro-parathyroid secre¬ 
tion and that it keeps the blood well supplied with opsonins 
accounts for the value of this drug, since bacteria and the 
pathogenic elements are prepared for the digestive process to 
which the auto-antitoxin in the blood and phagocytes submits 
them. Finally, we have in the adrenal extractive*, agents 
which increase directly metabolism in all tissues, and thus 
provoke the formation of more' or less auto-antitoxin. But 
here we lack the fundamental attribute of the whole process, 
they do not stimulate the test-organ directly. Hence their 
fleeting action, though they are very useful when the blood's most 
important function, oxygenation, must be promptly and ener¬ 
getically augmented, and when the morbid effects of hypo- 
catabolism must be offset. 
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Thus, four agent—as instances of others—fully capable 
of increasing the auto-antitoxic properties of the blood, and, 
therefore, its auto-antitoxin, show distinct properties in other 
directions. These points of divergence are all, as 1 will show, 
of great importance in practice. 

Another important point emphasized by the analysis of 
the action of the four remedies studied in this chapter is that 
it is the small doses which are the beneficial ones, because they 
raise the germicidal and antitoxic properties of the blood to 
a safe limit; ‘while large doses provoke excessive overac¬ 
tivity of the immunizing substances, and its results, destruc¬ 
tion of the blood-cells and, in the case of mercury, of the 
tissues themselves. 

To establish the views T advance on a sound basis, a study 
of the various antitoxins is submitted at the close of the chapter. 
It Bhows plainly, I believe, that Ehrlich 'b theory, as far as the 
side-chain feature itself is concerned, is defective, and that the 
ductless glands alone afford a sound foundation for the study 
of all problems concerned with immunity, a fact which I urged 
in 1003 in the firet volume. Ehrlich has never been able clearly 
to indicate the nature or source of the blood constituents which 
carry on the immunizing process—a suggestive fact. 

Ab the subjects to be submitted hereafter bear upon ques¬ 
tions related to the above: the physiological action of drugs, 
the pathogenesis of disease, their treatment, etc., all of which 
are of special interest to the practitioner, they will be pre¬ 
sented iu a wav calculated to facilitate their study: the gen¬ 
eral principles introduced will be presented in the usual type 
and the evidence in small type. This plan, however, has 
entailed the necessity of introducing in the general text (that 
in large type) a large number of personal conclusions based upon 
the evidence herein submitted, which are necessarily new, since 
they refer to functions of the organs 1 have introduced into the 
problem, or effects produced by them. In each case, therefore, 
to obviate the introduction of many personal pronouns and, 
furthermore, indicate that the conclusions reached do not form 
part of accepted doctrines, they will be distinguished by an 
asterisk (•) referring to the words “author's conclusion" at 
the foot of the page. 
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THYROID PREPARATIONS. 


Fhyiiologioal Action.—A dose of thyroid gland may either 
be stored by the organ itaeif, or its thyroiodase may be added to 
the blood at the time, precisely as if the thyroid and the para¬ 
thyroids had secreted it.* As a result, the functions that thyroio- 
dase subserves, viz., (1) to increase the sensitiveness of all living 
cells, including those composing the test-organ; and (2) to sus¬ 
tain by direct stimulation the functional activity of the latter 
as adrenal center, are correspondingly activated.* The imme¬ 
diate effect is an increase of adrenoxidase in the blood, and, 
therefore, of general metabolism, and increased sensibility of 
all cellular elements.* The tissue-cells (ns well as pathogenic 
cells, bacteria, parasites, etc.) being thus rendered more vulner¬ 
able to the metabolic process, this process is carried on at a rate 
exceeding greatly that incited by an agent capable only of 
stimulating the test-organ.* The phase of metabolism most 
activated, however, is that of catabolism, since the function of 
thyroiodase is to facilitate the breaking down of cellular ele¬ 
ments by rendering them vulnerable to the digestive action of 
the auto-antitoxin.* Thyroid gland is mainly, therefore, a 
stimulant of the catabolic process. 

The nmnni>r in which the thym-parathyroid secretion (which thy¬ 
roid gin lid represents) sensitise* cellular elements and tho. test-organ, 
and the mode of action of thin accretion on this organ as a direct stimu¬ 
lant, were Ntudied in the preceding chapter, to which the reader is 
referred. The aetiMl presence of this colloid secretion—thyroiodase—In 
the lymph and blood has been urged by Ilamig,* Khrieh,* and others. 
Cerletti and Perusini" found it in the arteries anil veins. That th« 
addition of a glandular extract containing the active principle or fer¬ 
ment of the colloid should augment the activity of that already In the 
blood ia obvious. . ,, . 

Considerable evidence as to tlie Influence of the thyroid apparatus 
on metabolism has already been adduced in the preceding chapters. A 
few additional facts will therefore suffice. In a general review of the 
subject, Chittenden* states that experiments on dogs show tlint fresh 
thyroid and iodothyrin have practically the same action instlinulatlng 
metabolism of proteid matter and decomposition of fat. T his Is ohvl- 
ously the result of increased oxygenation, since, as observed by Robert 
Hutchison* and many others, it promotes "the rapidity of combustion. 
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All tbs phenomena that this entails are present, m or e o ver. Thus 
Oeoraiewsky** found that thyroid extract, whether injected or given 
with the food, caused, in dogs and rabbits, after some time, a rise of 
temperature, excessive appetite, increase in nitrogen excretion and some¬ 
times glycosuria. 

This evidence is controlled by the fact that thyroid gland 
increases the output of carbon dioxide. Whitney* 1 found that there was 
a marked increase in the amount of CO, eliminated by the body, 
showing increased oxidation of the carbonaceous materials. Conversely, 
while Atlicrtoni and Tizzonl demonstrated that after thyroidectomy the 
proportion of CO, in the blood was markedly decreased, Magnus-Levy** 
noted that the gaseous exchanges, the temperature and metabolism wen 
all reduced by removal of tho thyroid. The increase of excretory prod¬ 
ucts induced by thyroid extract applies as well to catabolic wastes, 
since large doses produce marked irritation of the organs nnmsm f d 
with their elimination. Titus Ghedini" found in 14 animals the liver, 
kidneys, spleen, and the axillary and Inguinal lymph-nodes greatly 
swollen, infiltrated and inflamed, and concluded that they acted chiefly 
on organs which eliminated noxious substances. So marked is the 
Increase of catabolism that as shown by Magnus-Levy** overalimenta¬ 
tion does not prevent emaciation which large doses of thyroid produce. 

On the other hand, impairment of the functions of the thyroid 
apparatus by reducing the efficiency of catabolism, causes Imperfectly 
broken-down—and therefore toxic—wastes to accumulate in the blood. 
Lange** found that removal of portions of the thyroid affected pregnant 
animals more severely than normal ones. A remnant sufficient for 
health in the latter did not protect the pregnant animals from spasms 
or from renal disorders. In pregnant women Lange observed also that, 
when the customary enlargement and overactivity of the thyroid did not 
occur, the likelihood that nephritis would appear was greatly increased. 
Interpreted from my standpoint, this is because the overactive thyroid 
Insures the destruction of the excess of toxic wastes which the foetus 
contributes to the blood; if the organ fails to increase its activity, 
toxic, i.f., imperfectly catabolixed, wastes are secreted in abundance 
by the kidneys, exposing them to nephritis, or if these wastes are 
retained, puerperal eclampsia occurs. Hypo-thyroidia under these con¬ 
ditions becomes the main cause of puerperal nephritis and eclampsia. 
Additional evidence to this effect will be submitted in the section on that 
disease. This indicates the great rOle the thyroid apparatus fulfills In 
causing destruction of toxic wastes. 

That when'used in small therapeutic doses, thyroid gland pro¬ 
motes metabolism, but only sufficiently so to enhance nutrition, growth, 
and the life process itself, is shown by the results obtained with thyroid 
extract in myxwdema and cretinism. This is fully confirmed experi¬ 
mentally. Thyroidectomy, as is well known, arrests growth and develop¬ 
ment in animals. Moussu** observed that in such animals, thyroid 
extract soon caused the animals to resume their normal growth and 
development until a condition waa reached when the comparison with 
the controls waa striking. On the other hand, we have in the use of 
thyroid giand in obeaity, evidence to the effect that it can powerfully 
stfmulate catabolism. 
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As thyroid gland promotes catabolism bv increasing, through 
the test-organ and the adrenals, the proportion <»f adrcnoxidasc 
nndeo-proteid, and trypsin in the blood, it augments its supply 
of auto-antitoxin.* Being capable also (as opsonin) or sensitis¬ 
ing directly pathogenic germs, thus insuring their destruction by 
phagocytes and the plasmatic antitoxin, thyroid gland fulfills the 
two conditions which the body requires to defend itself effectively 
when infection has occurred.* The blood's antitoxic constituents 
being, moreover, the bodies which convert the physiological 
wastes, broken-down cells and all other detritus into benign, 
eliminable products,* they also prevent the formation of inter¬ 
mediate products, toxic wastes*—the pathogenic agents in 
gout and disorders related thereto, including convulsive diseases, 
eclampsia, tetanus, etc. 

Howell,* alluding (1905) to the prevailing views as to the func¬ 
tions of the thyroid apparatus and their secretion, writes: "Kxcision or 
atrophy of these bodies results in a loss of this secretion and a con¬ 
sequent malnutrition or perverted metabolism in other tissues of the 
organism. According to the other point of view, 1cm generally held, 
the function of these bodies Is to neutralise or destroy toxic substances 
formed in the metabolism of the rest of the body." Interpreted from 
my standpoint, both these views are sound, since the identical process 
which sustains nutrition and metabolism, is that which insures neutral¬ 
isation of toxic substances. We have seen that the rftle of the thyroid 
in metabolism is supported by a multitude of facts; this applies as well 
to its function in the destruction of poisons, the latter function being— 
as I view it—but an exacerbation of the former. 

Recent clinical observations have extended the defensive functions 
of the thyroid to general infections. Thus, Roger and Gamier*" examined 
the thyroid glands of 33 cases after death from various infections, scar¬ 
let fever, measles, diphtheria, smallpox, typhoid fever, eerebro-spinal 
meningitis and septic meningitis. Congestion and hypertrophy were 
found In all. The clinical histories did not include pain in the thyroid. 
They suggested that these local disorders might be due to overactivity 
of the gland having for its purpose the destruction of the aperifle poisons. 
Odoacre Torri" also found that during infectious diseases the gland 
was overactive and that it secreted an inordinate amount of colloid 
se creti on. He noted, m or eov e r, a marked epithelial proliferation, which, 
from my standpoint, means an abundance of iodine-laden leucocytes. 
In common with other investigators, however, he erroneously regards 
the colloid itself as the bactericidal product and the excessive secretion 
as a defensive process. 

Vincent* observed enlargement of the thyroid in rheumatism 
and regards it as "an expression of increased function to antagonise 
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Infection." He found the ornn scnsltiv* and solaigod in 11 out of 17 
omm of typhoid fever, in which thane eigne appear early. The rendte 
obtained oyLeopold-LAvi and do Rothschilds in 100 eaeee to which 
they administered thyroid extract aleo led them to c on o h ld a that the 
thyroid "acted aa a regulator of nutritional fermente aa well aa of the 
defensive fermente” of paacreatio origin, in accord with the view 1 had 
advanced over two yearn earlier. They point, moreover, to the foot that 
thyroid ineuffloiency prediapoeee to infection and auto-infection. Morin" 
aleo emphaeieed recently toe defensive rOle of the thyroid an shown by 
the liability to tuberculosis and other infection! of individuate Buffering 
from congenital mynedema. In 348 ordinary caeca of tubereuloeie, In 
showed marked atrophy of the thyroid. He regards this ph e nome n on as 
the main cause of the prominence of the thyroid irtilege in these 
cas e s . Such c as es fared badly, as a rule, while those in which the gland 
was normal or enlarged yielded promptly to remedies. Bonneir has 
already observed that In cases of athrepsia, the addition of small doses 
of thyroid extract to the usual remedies and diet measures, promptly 
turned the tide in favor of the patient, while Held Hunt," found that 
thyroid feeding rendered “white mice much less susceptible to the toxio 
action of acetonitril.** 


The marked increase of colloid which Roger and Gamier and 
Toni observed under the influence of infectious diseases corresponds 
with that of Wright's opsonin formed under the influence of inocu¬ 
lations with tuberculin and kindred bodies. Opsonin and thyroidase, 
as I have pointed out, being one and the same substance, thyroidase, 
when we administer thysM gland, we contribute opsonin directly to 
the blood. As thyroid gland also promotes active metabolism by 
stimulating the test-organ, ws have precisely the effects produced by 
Inoculations, since it is through a similar process that they cause the 
appearance In the blood of what Wrignt has termed “bacteriotropic" 
substances. Hence the fact that, as I have myself observed, thyroid 
extract is an effective agent in the treatment of tuberculosis and other 
Infections. 


Untoward Effects.—Small doses administered at too short 


intervals, or largo therapeutic doses cause the blood-pressure 
to fall, although the proportion of auto-antitoxin in the blood 
may not he sufficient to cause hemolysis, and thus normally to 
awaken the protective intervention of the depressor nerve.* 
This is due to the fact that the thyroiodase which the thyroid 
preparation introduces into the blood, by accumulating therein, 
gradually raises directly the excitability of this nerve.* 
Though stimulated artificially, the nerve fulfills its normal 
rfile, and by causing vasoconstriction of the arteries of the 
pituitary and thyroid, inhibits their functions.* Less thy¬ 
roiodase and adrenoxidase (which jointly aid in sustaining the 
vascular tone) being secreted, the arteries relax passively.* 


• Author*a row/Mffoii, 
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tHYROID PftBPARATtOWS. 


-• OHfW sad Bahtier, Hmskovec, Gin, Langiois, ud several other 
fawriji^nn bm all found that experimental—and therefore la rge 
doeea of ttonld extract eaueed vasodilation and lowered the blood- 
pneenie. Human thyroid extract jwodtKje a similar effect ae c h eer v ed 
by Oulnard and Martin,” who need the thyroid taken from an executed 


in rabbits, beginning a few seconds after the injection. Patta" found 
that thyroidln lowered the blood-pressure in a manner directly oppos e d 
to suprarenin. 

If the use of large doaes is persisted in, the excessive 
vasodilation produced by the remedy becomes such that, in 
accord with Morey’s law,* the rapidity of the heart-beats, t.s., 
the pulse, is greatly increased. The blood being caused to 
accumulate in the great central trunks, the splanchnic area, 
the quantity circulating through the lungs is reduced* and, 
the absorption of oxygen being inadequate,* dyspnma ensues, 
and soma timim cyanosis. General oxygenation, owing to this 
cause and to the diminution of adrenoxidase,* being lowered, 
the heart’s action becomes irregular. The skeletal muscles being 
affected in the same way,* general weakness, trembling and 
muscular pains (owing to the accumulation of toxic wastes) 
may be complained of. Vertigo, mental depression may like¬ 
wise occur. 

When the cutaneous arterioles are also dilated, they admit 
an unusual volume of blood into the capillaries;* causing 
superficial congestion, hyperthermia, pruritus and tingling. 
A similar condition of the gastric capillaries causes nausea and 
vomiting; of the intestines, diarrhoea; of the brain, insomnia; 
of the meninges, headache. These symptoms are usually tran¬ 
sitory if the use of the remedy is discontinued, but if it is per¬ 
sisted in, it may produce syncope. The morbid symptoms 
sometimes persist after withdrawal of the drug. Exertion, 
when large doses of thyroid gland are being used, is danger¬ 
ous, owing to the deficient nutrition and weakness of the cardiac 

muscle. 

Various other symptoms havs been recorded: transitory aphasia 
with monoplegia and unilateral anasthesla (PSelfre) ; £?"■ 

vulsions (Henry); a condition resembling ureniie 

fatal results were reported by Murray; two by Vermehrer. one tor 
FoulisVW by StabeV-but all in oasee of myxadema in which the 

•laMer'i eomchuta*. 
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doses wen large. Many other* hare been reported. Bopaff," who 
refers to these cases, states, however, that thyroid preparations pro- 
dnee "deplorable effects capable of cansing death not only in aqmdantF 
tons subjects, but also in cases of obesity, psoriasis and even in healthy 
subjects.” Oeorgiewsky," even in animals ldlled by the drag; found, in 
accord with Hurray’s observation, that the thyroid gland waa "pale; 
yellowish and diminished in sise,” although there was pronounced 
atrophy of the adipose tissue and of the muscles and intense congestion 
of other organs, the kidneys, bulb, brain, etc. This points to the se¬ 
quence of events: (1) violent hypercatabolism of the body constitu¬ 
ents which are always the first to yield, the fata; (2) reaction of-the 
depressor; (3) death through the presence of enough thyroidase in 
the blood to excite violently the depressor and cause it to paralyse the 
pituitary body and thyroid gland by unduly constricting their vessels. 


Therapeutics.—A b this feature of the subject has been 
treated at length in the first volume (pages 708 to 737 inclu¬ 
sive) only a brief reference will be introduced here. 

The use of thyroid is deemed dangerous by some. In truth, 
there are but few remedies whose effects can be controlled 
with more accuracy, if the symptoms it provokes are watched, 
and if fresh preparations of thyroid are used. Small doses, % to 
1% grains (0.03 to 0.1 gram) of the desiccated gland, seldom 
prove excessive. The pulse may be raised slightly, and there may 
be a rise of temperature of % to 1° P. (0.3 to 0.6° C.), but this is 
not due to abnormal action; it is the result of enhanced metab¬ 
olism—an expression of the remedy’s beneficial or "tonic” 
action. Conversely, when larger doses are given, such as those 
employed in the treatment of obesity (beginning with 8 grains 
[0.13 gramj three times daily and gradually increased), the 
hypercatabolism to which the reduction of flesh is due keeps 
the patient on the verge .of depressor action, and, more or less 
suddenly, the pulse becomes faster. Instead of being firm or 
somewhat harder than usual, as is the case when the "tonic” 
phase of thyroid action prevails, the pulse is softer and yields 
readily to pressure. The patient may complain of vertigo, 
weakness and palpitations, etc., altogether a symptom-complex 
indicating functional torpor—though the face may be flushed 
by dilatation of the arterioles. The two conditions are radically 
different, therefore, and the danger signals of depressor action 
axe clearly defined.* It is always best to discontinue the drug 
when the latter occur, and resume only with smaller doses. 


* i nft or ‘1 wirttriw. 
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_ xv “ UtB * " the and moat common symptom 

*■ .the lfleimied freq neiMy of the pulse. Other symptoms arc violent 
palpitation, finei tremor of the hands, flushing and moisture of the skin, 
and, in ease o* large doses, emaciation.” Eantarbrook." after using 
thyroid gland In about 100 cases in sufficient doses to produce thvroid- 
iam, concluded that "indubitably” it was “a profound catabolic'atim- 


The principles formulated in the foregoing pages account 
for the beneficial effects thyroid preparations have afforded in 
various disorders:— 

Their mode of action in myxaedema and cretinism is self- 
evident, since by enhancing the irritability of all cells and 
stimulating the adrenal functions, thyroid preparations supply 
the organism with precisely the two sources of energy that 
incite and sustain the vital process. In the various diseases 
due to lowered catabolism or the accumulation of toxic wastes 
in the blood, such as Many, puerperal eclampsia, epilepsy, the 
disorders of menopause, asthma and rheumatoid arthritis, their 
beneficial effects are but the counterpart of their action after 
thyroidectomy: by promoting catabolism, they insure the con¬ 
version of the pathogenic elements into readily elitninable end- 
producta. Exaggeration of this process accounts for the 
emaciation caused in obesity and its benefit in Dcrcum’s disense, 
adiposis dolorosa. The nutrition of osseous tissues and the pro- 
ceases of repair being enhanced, the improvement observed in 
osteomalacia, rickets, osteomyelitis and delayed union in frac¬ 
tures is dm easily accounted for. Their action on the adrenal 
rente r leading to the accumulation of adrenoxidasc in the blood, 
explains their efficacy in hasmorrhages of various kinds and 
haemophilia, since adrenoxidase is the fibrin ferment,* the under¬ 
lying factor in the formation of the blood clot. 

In infections, including asthenic pneumonia ,* the exanthe¬ 
mata of childhood, tuberculosis and typhoid fever, the value of 
thyroid preparations—in small doses—is readily explained. 
They attack directly the pathogenic organism by Tendering it 
vulnerable to the attacks of phagocytes and the blood’s auto- 
antitoxin—and insure the work of destruction by stimulating 
the test-organ, the governing center of the body’s defensive 
mechanism.* (See also Thyroid Organotherapy, vol. i, p. 708.) 


• Author'o e umelmo to m. 
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MERCURY. 

Physiological Action.—Whether administered by the 
mouth, injected subcutaneously, or rubbed into the skin (dis¬ 
solved therein by the constituents of the sebaceous secretion), 
mercury and its salts are' taken up by leucocytes and carried 
to all tissues. 

Although toxic effects occur after the Ingestion or inhalation of 
metallic mercury, this metal cannot, as shown by Hermann,™ penetrate 
normal epithelium in any part of the body. The metal is found con¬ 
densed upon the epithelium. This was confirmed by Hoffmann, Rohng, 
Blrensprung, Neumann and Fleischer, and others.™ The reason for this 
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Conti and Zuccola™ found that mercury, 
mouth or hypodermically, waa always carried to the tissues by these 

■™ * • ii i _ _ ax a _ n_ 91 


Mon tel™ ascertained, moreover, that this rAle was carried on by the 
neutrophiles and the large mononuclears. This was confirmed by Col¬ 
let,” who found also that lymphocytes and the red corpuscles took no 
part in the process. Stassano™ isolated the red corpuscles from the 
leucocytes and found mercury in the leucocytes only. Carles™ reached 
a similar conclusion. Almkwist™ holds that In the intestine mercury 


forms a sulphide with sulphuretted hydrogen, and observed leuco¬ 
cytes containing fine yellow granules of the sulphide between the epi¬ 
thelial cells of the Intestine. He also found tills sulphide in the blood, 
lymph and tissue fluids. As other observers, including Rindfleiach and 
Ffirorlnger™ and Chittenden" have found mercury in solution in the 
body julees in the form of albuminates, the metal, in the light of the 
foregoing facts, must be derived from the tissues into which they have 
been secreted by their normal carriers, the leucocytes. Barthe and 
Mongour™ conclude that the mercury must first destroy these cells 
to be liberated, but the evidence I have submitted sufficiently demon¬ 
strates that such destruction is unnecessary. 

That mercury does not act directly upon the tisauee is shown by 
the fact that it may accumulate In the organism, and remain prac¬ 
tically inert therein. Referring to the labors of Vajda and Paschkls,™ 
Schuster,™ Raiser and Klumpke,™ and others. Wood™ states that “the 
evidence In favor of the storing np of mercury in the system Is over¬ 
whelming.” 


™ Hermann: "Lehrbuch d. expar. Toxlkolode," Berlin, 1874. 
n Hoffmann, Rohrls, BKrcnspnrng. Neumann and Fleischt 
Chittenden: Bull. Johns Hopkins Hasp., Mar. IBM. 

m Conti and Inooola: Rlfonns mMIca. war. 17, HOP. 

* Mon tel: Oas. hebd. do mid. et doenlr., Apr. 11, IML 
™ Collet: Lron medical. June 14. IBM. 

« Btnsesno: O. r. de 1'Acad. dea scl., IBM. 

* Carlea: Lor. rtf., d. H. 

"Almkwtst: Nord. mod. Art:.. AM. I, No. I, 1909. 

■ FBrbrlnier: Virchow's Archlv, Bd. lxxxll, 8. Ml, lMt 
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Bull. Johns Hopkins Hoop., Msr. IBM. 
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The various salts of mercury owe their therapeutic value 
to the energy with which they stimulate the test-organ.* In 
minute doses they promote nutrition, i.e., act as a tonic, 
because, by stimulating the test-organ, they increase the secre¬ 
tory activity of the adrenals, and enhance, therefore, general 
oxygenation and metabolism.* The function of the pan¬ 
creas, the thyro-parathyroid apparatus and the leucocytogeniu 
organs being' correspondingly activated, the quantity of uuto- 
antitoxin in the blood is augmented.* 

Its powerful stimulating action on the adrenal center is shown 
in various ways. Like all lesions of the anterior pituitary attended with 
local hypenemia, mercury provokes glycosuria. 

Baiko wslty" found that “mercury diabetes lasts longer than the 

rtiflcally-produced dial * • --*-*-*■*— 

tive 


after the causative doses. It was also noieu ny ireynoso, iwwnw™, 
Bouchard and Cartier. - It is commonly observed in rabbits, when too 
large doses (which paralyse the adrenals) are avoided. As emphasised 
by Cartier, it is not by causing grave hepatic lesions that mercury evokes 




blood is the cardinal factor in its production, since tins greatly enhances 
the functional activity of the pancreas, and, therefore, the production 
of amylopsln, the ferment which convert* glycogen into sugar. That the 
adrenals are hyperactive was ascertained by Moiilmier, who found 
the adrenals i&tonsely congested in Blow mercurial poisoning, and invari¬ 
ably hypertrophied, lie observed, moreover, that in subjects who suf¬ 
fered from slow mercurial intoxication, even minute doses of adrenalin 
hastened death; and moreover, as a corollary to this fact, that^indi¬ 
viduals to whom mercury and adrenalin were given simultaneously died 
sooner than when adrenalin was given alone. 

that the action of mercury » added to that of adrenalin. Ihe reason 
tor thin is obvious: the mercury doing harm by overexciting th e adre n- 
ato, adrenalin added fuel to the fire, the excess of 
albuminous hamoglobin—being of course the harmful 
these conditions mercury should prove useful >" 

with deficient hemoglobin. Semmola * 1 noted that in syphilitics, wie 
hemoglobin rose markedly under mercury, within sever i sm eight days. 
As shown by Cervello" the same effect is produced in animais. 

The stimulating action of mercury on Aw**"*""* £ 

further jon. That on lymphatic organs is sufficiently to have 

led Julllen- to ascribe to A the 




tile «pwh^ntsof Ko«lowskyT , * , Notonly was ^oportmnof^der 

cells reduced, but that of young «*llswa» w^mSSSSS 

found that the number of young leucocytes in the hln.wl. wM * »Miae r»_ y 
increased in normal subjects, and in syphiHUcs when the treatment was 

WiSmSwIw^VliSto^s Arehlv. M- xxxvll, B. SM, liffi. 
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not too prolonged. A 
drag fa nku u tufa 


the 
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metabolism that fan 
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thatthe blood’a amt hi auto-aatl toxin fa Inenaaed. Th at nutrit ion 
fa enhanced fa shown, moreover, by the increase of weight observed^bw 
LitaeoU," Armaingaud And liArun-DunounttOy 11 while X^Hi Wil* 
bouchewitoh, Gaillard, Hajrem, Robin, and othera n oted bath* tM% 
a "mH Inoiaaaa of red corpuscles. Simil a r reenlts wore obtained by 
Scbieainnr 1 " in dogs and rabbits. 

Thu accounts for the fact that various preparations of merrnuy, 
calomal particularly, have always occupied a Ufa place among the 
agents known to abort disease. Daly, of Pittabnrsh, found calomel of 
mat value in diphtheria, recommending its use until the stools be c a m e 
men. Illingworth 1 * found the binlodlde or oslomel extremely effective 
for j* 1 * Insulation of various infectious diseases such ns scarlet fever, 
diphtheria, tt—’t> chickenpox, pertusais, typhoid fever, pynmla, pner- 


lor UHO IUKUUIUUU VI rariWUB uuwwvue iaawum ■ 11 ■ —— -_ • 

diphtheria, chickenpox, pertusais, typhoid fever, pramla, puer¬ 

peral fever, etc., and hie ooeervattons In some of these diseases nave 
been confirmed by Dukes, Neale, Lloyd Brown, and others. 

The iwimmriaing process is most active in the liver, an 
aotion which becomes manifest when sufficiently large doses of 
mercury to produce purgation are given. Mercurial purga¬ 
tives do not, as generally believed, produce their effects by 
In crea sin g the secretion of bile—which is a mere epiphe- 
nomenon when it occurs—but by increasing the germ- and 
poison-destroying properties of the hepatic Mood . 4 The green 
stools produced are rich in biliverdin, i.e., adrenoxidaae.* 

It fa believed by many that mercury produces Its ben efl ei sj effects 
the blflaiy secretion, but the invest i g ation s of Pfaff and 


only-do not increase the flow of bile In patients with biliary fistula, bin 
that they tend rather to decrease it This indicates that the braeflt 
derived from mercury ia due to the greeter antitoxic activity of the 
hepatic blood and not to an increase of fluid. Again, when ealomdlfa 
administered to healthy individuals in suitable do ses , man liquid 
stools, as is well known, are produced. The belief teat this was doe 
to an increase of bile was eventually replaced tar the view*that the 
eolor was the result as sumated hyTranbe and Btilfa, of the praoeoee 
of a mercurial conpmniJm the analyses of Simon," Golding Bird, 


of a mercurial compound. 


•tar^tatefbr'Jesr.Amer. Met Aseee.. May It MM. 
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iMvl MteMtP MM to show that the metal was present to any form. 
Urn toCtffttwa of Rimon and Michfla revealed aa important feat* 
hdwwrer, rki the p re se n ce to the stools of bile pigment§, and partie- 
ulariy HWw rf ls, to large quantity. Aa 1 have shown in various parte 
of this work^“ h ow eve r, bilirubin is oxidising substance, to, adren* 
oBridaesi the large quantity of bilinaldn in the stools is evidently due, 
therefore^ to ezoeaaive activity of the adrenals. 

The antitoxic process carried on in the liver under the 
influence of a mercurial purgative is supplemented by a similar 
process in the intestine.* The excess of adrenoxidase in tho 
blood raises the eecretory activity not only of the pancreas, but 
elen of all the intestinal glands.* A large volume of intestinal 
juice rich in pancreatic juice, nucieo-protcid and adrenoxidase, 
is;, in auto-antitoxin similar to that in the blood, is thus pro¬ 
duced, which flushes the intestinal canal and sterilises it* 


Tba in which the various components of the intestinal 

|nlee are produced and their physiological function have been reviewed 
in the fourteenth chapter, to which the reader is referred. The stim¬ 
ulating influence of mercury on the pancreas is generally recognised. 
Putter?" for instance, states that in full doses, continued, the prepara¬ 
tions it mercury “overstimulate the glands, especially the pancreas.” 
[n a ease repor t ed by Copland,*" In which death occurred during exces¬ 
sive salivation, tho pancreas weighed, post-mortem, four “"“{J 
red and congested, white its ducts were dilated. Araosan and Vailterd*" 
marked evidenoea of ovcpnctlvity in the pancreas of rabbits 
treated about one month with corrosive sublimate. 


The powerful s timulating action of mercury on the test- 
organ, u, on the adrenal center,* renders it a powerful cardiac 
stimulant. The adrenal secretion not only sustains the func¬ 
tional activity of the right heart, but the improved oxygena¬ 
tion of the entire body increases the nutrition of the organ.* 
.A gain, s tim ulating catabolism, it also relieves the blood of 
any e xc ess of wastes,* and thus antagonises undue arterial ten¬ 
sion and vascular resistance. 


Murray*" regards hlus pill, 3 grains (0.3 ««•> **“7, ■! 

«the of treatment to all eases of weak, dilate d, irritably mad 

heart when there la resistance in the arterial .system.” Sir 
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Mercury is an energetic diuifetic. This is due (1) to the 
fact that it increases considerably the intrinsic metabolism of 
the kidneys, and, therefore, their functional activity—as it 
does that of all other organs—and (2) to the passage through 
the kidneys of an unusual proportion of excretory products, 
including a portion of the drug itBelf. Its prolonged use 
exposes the kidneyB to grave disorders. 

Rosenheim* 11 found, In experiments upon dogs, that when mercury 
noted as a diuretic, it did so by stimulatiqg the renal epithelium, and 
by flushing the renal vessels. Bleganski 1 ** and iifatxlng™ and others 
also attributed the local lesions directly to the metal. Fflrbringer, 11 * 
in a study of the statistics of the subject, found that 8 out of 100 
syphilitic subjects suffered from nephritis when under mercurial treat" 
ment, but that withdrawal of the drug was usually followed by recov¬ 
ery. Swan ,u reported a case which had reached the stage of paren¬ 
chymatous nephritis in which the urine, examined at short intervals, 
was found to contain mercury one year and twenty-nine days after the 
last dose had been administered. In a case of sublimate poisoning 
observed by Chaufferd*** there was complete anuria during nve days. 
He C. Wood, Jr. f m observed hemorrhagic nephritis in several rssns of 
corrosive sublimate poisoning. 

Untoward Effects.—The therapeutic dose of mercury 

the quantity that will stimulate sufficiently the test-organ 
to protect the body against infection, is very small.* Beyond 
this limit excessive oxygenation bf the blood occurs and diges¬ 
tive activity of the auto-antitoxin becomes such that it pro¬ 
vokes more or less serious disorders.* This is due to the fact 
that while the adreno-thyroid center is stimulated very actively 
(through the test-organ) by mercury, the proportion of thyroid- 
ase produced is only sufficient to excite the depressor nerve 
(thus inhibiting the formation of auto-antitoxin) when the 
metal is taken in very large or toxic doses.* 

The earliest indication that mercury is being given in 
excess is salivation, due to undue stimulation of the salivary 
glands. The intrinsic metabolism becomes such* that enor¬ 
mous quantities of saliva are aometimea voided. The glands 
often become enlarged and tender. Evidences of increased 
general metabolism,* slight fever and restlessness may wl«o 
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appear at this time, accompanied by increase of tendon reflexes, 
and, in rare cases, by hallucinations. 

While the stimulation of the tent-organ, which indirectly increase* 
the auto-antitoxin in the blood, ie brought about by the mercurial car¬ 
ried directly to that organ by leucocytes, the bulk of the drug which 
is secreted In the tissues by these cells, is converted, as is well known, 
into an inert albuminate. Chittenden, 11 * for instance, writes as the 
result of a careful study of the question: “Just how the solution ot 
mercury fay the body juices is effected, and what part is played by the 
albuminous constituents, we cannot say, but that solution is effected 
and the mercury eliminated as an albuminate seems to be true." Ae 
it is this compound which circulates in the pituitary body, the test-organ 
is not caused to react. 

The proteolytic activity, to which the Intestinal juice owes its 
bacteriolytic and antiseptic properties, may lie auflleient in caaes of 
poisoning to cause lesions in intestinal mucosa, by a process similar to 
that of haunolyais in the blood proper. These lesions are now attributed 
to a direct action of the mercury, but sueli is evidently not the case 
whan even large therapeutic doses arc ta' en, for they may be produced 
when mercury is applied externally. In Saekur’s fatal raae,'** for 


Berliner 1 " in a syphilitic woman, six months pregnant, in whom inunc¬ 
tions caused violent enteritis. On withdrawing the drug the letter dis¬ 
appeared, but recurred at once on resuming its use. After delivery, 
however, the inunctions produced no ill effects. The use of mercury has 
often been pointed out as dangerous in pregnant and puerperal women. 
The reason for this ia self-evident, in view of the fact that during preg¬ 
nancy, "the anterior lobe of the pituitary body" as shown by Comte, 
Launois and Mulon, 1 " is “in a manifest condition of hyperactivity.” 
As mercury violently stimulates precisely the anterior pituitary (the 
test-organ), and the symptoms of mercurial imisoning are those, of 
excessive activity of the adrenals, it is only normal that mercury, dur¬ 
ing pregnancy or parturition (the anterior pituitary remaining active 
until all toxic wastes in the hotly are destroyed), should cause poisoning. 

As to salivation, the role of adrenoxidase in the process of exces¬ 
sive auto-antitoxin formation ie well illustrated by tlie fact that 
adrenal extract In toxic doses was found by Oourfeln 1 to cause saliva¬ 
tion, among other symptoms, in animals. Tammasio— also observed 
frothing. As mercury acts by stimulating the adrenal mechanism, the 
cause of this symptom is obvious. Cushny,™ wlio refers to the fact 
that many liters of saliva are sometimes poured out In twenty-four 
hours, states that “the salivation and stomatitis which are so frequently 
seen under mercurial medication are obviously not due to the local 
action of the drug on its way to the stomach, for they occur equally 
readily when it Is applied by hypodermic injection or by inunction. 
Nor are salivation ana stomatitis dne to a local effect of the remedy 
while being Ingested, since they occur es readily v^en •jjercuiy Ie 
used by hypodermic injection or by Inunction. Indeed, Bock hart. 
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da Bead,"* Galippe"* and othara found that the load Hdkdfaa of 
mercurial preparations oured otrmuitttlo duo to iaMnd mereurr, 
Kn o or 1 * ascertained experimentally, through gMtrie ortalo, that to* 

B trio julees had little or no effect on e al omel, mo when the ealt was 
; ho the stomach orar an hoar. 

Mkbotjbialjbm. —When the therapeutic nee of mercury' is 
injudiciously prolonged and in subjects who are exposed by 
their occupations to the continuous absorption of this metal, 
another order of phenomena is introduced, m., those due to. 
chronic poisoning—another manifestation of uncontrolled 
metabolism.* 

The earliest symptoms of this condition include a metallic 
taste, soreness and swelling of the gums, a bluish-red or gray 
color along the peridental sulci and the foetid breath which 
mark the onset of active raercurialism. Unless the use of the 
.drug ceases, the destructive process extends downward and 
around the teeth, causing these to fall out; gangrene of the 
gums and jaws, and hemorrhages may then ensue. The 
tongue, the entire mucosa of the' mouth, especially where it 
overlies considerable soft tissue, i.e., the cheeks and lips, 
undergo a similar destructive process. If the use of the drug 
be persisted in, death may follow from exhaustion and inani-'. 
tion. If its use be stopped when the ulcerative process has 
penetrated the cheeks, the patient remains scarred and dis¬ 
figured. 

Oastro-intestinal disorders, anorexia, nausea, vomiting; 
gastric pain, colic, diarrhoea alternating with constipation, and 
intestinal ulceration similar to that observed in the mouth are 
also observed. Marked anaemia and pallor, emaciation and 
great muscular weakness occur, even though gastro-intestinal 
disorders be mild, and death may ensue. 

All these phenomena are due to excessive oxygenation 
and to the proteolytic activity of the blood’s auto-antitoxin.* 
They are especially marked where the epithelium of the guma 
is destroyed by the contact of “tartar,” carioua teeth, etc., and 
the underlying elements are exposed to the air.* The adren- 
oxidase being greatly in excess in all tissues, the air furnishes 
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AA endless' quantity of oxygen to its catalytic agent, tho 
adrenal principle, and the gums and other tissues are destroyed 
through a local digestive process.* 

The destructive process is very active in the blood, owing 
to the presence of adrenoxidase in the plasma, and of the red 
corpuscles, which deal out adrenoxidase as fast as needed to 
sustain the morbid process.* Both the red corpuscles and the 
leucocytes are actively digested, and the general nutrition is 
correspondingly impaired. The broken-down cells, etc., being 
no longer converted into eliminable products, they form the 
fatly, foetid substance found in the vessels after death. 

That the proteolytic, f.e., digestive activity of the blood, is greatly 
Increased by mercury has been sufficiently emphasised fay the evidence 
already submitted. The morbid effects are evidently not due to a local 
action of tho drug, since it is most likely to occur when It is given 
fay inunction. Tho rOle of adrenoxidase in the morbid process is also 
shown by the pernicious influence of concomitantly-given adrenalin, 
emphasised by Moulinier."* 

The oxidising action of tho blood-fluids on mercury has been 
repeatedly noticed by investigators. It has, in fact, been considered 
a necessary factor or ita combination with the albumins of the tissues. 
Into which, we have seen, it ie secreted by the leucocytes after being 
submitted to the action of the ferments—-including adrenoxidase—in 
thane oalls. Thus, Hermann*" states that "we must suppose some sup¬ 
plementary oxidation as a result of the tissue juices." 1 " Cushny 1 " also 
states that "even the metal may be oxidised and absorbed when it Ie 
applied to tho living surfaces or injected into the blood in a state of 
line division.” 

That the destructive action cannot be a local one Is shown by the 
smallness of tho dose that is capable of producing it, along with gen¬ 
eral phenomena. Thus Lewis'" reported the case of a man who. after 
a subcutaneous injection of */« grain (0.016 cm.) of salicylate of mer¬ 
cury, had stomatftla, with ulceration, together with acute nephritic ‘ 
(anuria and albuminuria). The temperature rose to 40° C. (104* F.) 
and death was barely averted. The biniodide employed in intra¬ 
uterine injections, 1 to 3000 solution, caused acute mercurial poisoning 
in a case of Young's. 1 " Inunctions of the gray ointment are particularly 
dangerous In this connection. Out of 030 ca ses in which mercurial 
ointment was used by the medical officer of a workhouse In Belgium*" 
to rid the inmates of vermin, 80 were made very ill, one ease proving 
fetal, although the quantity uaed was but a trifle more than a drachm 
(4 gins.). Kraus'" obs er v e d a case In which, after the second hypo¬ 
dermic injection of 0.1 gxn. (l*/ a grains) of calomel, Intense Intestinal 
symptoms accompanied fay pcttatlon and anuria, occurred. Repe at e d 
1-grain (0.008 gm.) doses or ealomsl uaed hypodermically, caused death 
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1b a mm observed by Runeberg. 11 * The old and feeble ana MfwhUf 
vulnerable to tha taado aetkm of nwraUr. 

In tha blood it la not tha albmnlpata of ■arouiy that doaa tha 
harm* but as stated, tha asasaa of auto-antitoxin whieh provokea haan* 
lysiBi Ihat hsmolyala affecting both tha laueoeytaa and rod eorpuselsa 
oflonn under tha influenoe of doaea of iiimiiui w wife ooMnwd 

experimentally by Detre and Sellei 1- and others. Again* “the blood 
suffers very oedaedly,” aaya Wood,* - “becoming more fluid and watery 
than normal.** ‘'According to the researebee of Wright," eontinnea the 
-author, "Its solid constituents are notably diminished, including alba* 
min, fibrin end the red corpuscles, and it contains a lams quantity of 
totid, fatty material.** • 

Nbhvoub Dibobdbbs. —The exaggerated proteolytip activ- 
ity of the plasma, besides reducing the proportion of the 
blood's corpuscles, entails an untimely consumption of granu¬ 
lations secreted by the leucocytes, including those supplied to 
the neurons and the myelin throughout the entire nervous sys¬ 
tem, and to the muscular elements.* The interference with 
nutrition thus caused may be followed by muscular weakness, 
or by some form of paralysis or shaking palsy when the 
destructive action becomes marked. In individuals whose * 
occupation exposes them to the constant absorption of the 
metal, the latter may occur before other symptoms of mer- 
curialism, even stomatitis, appear. The muscles of the upper 
and lower extremities, then those of the face and tongue, are 
successively involved until the patient's every movement ia 
carried out tremblingly. 

The brain being likewise imperfectly nourished,* vertigo, 
hallucinations, insomnia and headache, and in some cases con¬ 
vulsions, owing to accumulation of toxic wastes, are observed. 
The mental phenomena are peculiar: the patient ia abnormally 
irritable, timid and morose, melancholia ultimately developing 
in some instances. The senses are more or leaa influenced; 
anosmia, amblyopia and deafness being sometimes noted. 
Pains in the muscles, along the nerves and in the joints and 
areas of anesthesia are to be found in practically every case. 

Tbs observation of Wright, that tha blood’s solid eonstitoents are 
notalfly diminished, Inolnding albumin, fibrin and tbs red c orpus cles, 
has bom emfirmod in animals fey Wllbouehewlteh 1- and Hughes Ben¬ 
nett. 1 * "Fibrin** hers is obviously fibrinogen the abssnee of which 
aeconata for the fluidity of the blood and tins predisposition to hawser- 
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fkip» aoM ta m mn rtollm . Wood 1 ** m for imtaaes, that "in tbea* 

ggjgj^ rrgiyjsig «> *•-«. ^ -.7 

' Charcot"* c onside r ed trembling paley u typical of Indniwvrlam 
am« the tonwolao of metalllo origin Thit,™ addJSmXtho 
hunlylc previously referred to, the destruction of myelin also oeeun, 
wna emphailewd by Letulle,"* who noted absence of the sheath mmnneeil 
of this substance in the peripheral nerves. As it is to the reaction 
bsfcweai the p^sphorus-laden myelin and the oxygen-laden adrenoxi- 
daso of the axis-cylinder that, as I have pointed out, the formation of 
nerve energy is due, their functions are necessarily impaired. The axls- 
ojUnder was found unharmed, however, fay this investigator—a normal 
r e sult , since, as I have shown, it contains only adreaonidase-laden 

r 1 -The other constituents of auto-antitoxin being absent, the 

adxenoaddase Is harmless. 

Acute Poisoning.—This is usually due to the ingestion of 
corrosive sublimate. When a large toxic dose of the salt has 
been taken, the first symptoms are usually localised in the 
tissues over which the poison passes, these being the seat of 
marked irritation or corrosion. A sharp metallic taste, a burn¬ 
ing sensation in the month, pharynx, oesophagus and stomach, 
nausea and vomiting follow one another in more or less rapid 
succession, the vomited matter often containing blood. There 
is also violent diarrhoea with tenesmus, the stools containing 
shreds of mucous membrane and blood, accompanied by severe 
pain in the stomach and abdomen. 

Sooner or later the symptoms of general poisoning appear: 
there is great prostration, the pulse is soft, small, rapid, and 
perhaps irregnlar, the respiration is shallow and rapid, the 
skin grows cold and clammy, there is almost complete anuria, 
the temperature ia‘ subnormal, and the patient passes rapidly 
into coma, dying sometimes within an hour. This constitutes 
the symptom-complex of excessive activity of the adrenal system 
■tid of the inton vasoconstriction (dne to hypermetabolism in 
the v essel walls, especially the mnscularis) which results. The 
'caliber of the vessels which admit blood into the pituitary, thy¬ 
roid and heart being greatly reduced, the functions of these 
organa are inhibited, and the vital process is arrested.* 

When the quantity ingested is not very large, the gastro¬ 
intestinal symptoms occur, hut the prostration fails to lapse 
into coma, the constriction of the arterioles being inadequate 
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to arrest the vital functions. Within a period varying from 
one to twenty-four hours, therefore, the symptoms described 
under “Mercurialism" appear, including, in some cases, marked 
trembling: The renal symptoms are very marked, and sup¬ 
pression of urine may begin within a few hours (owing now 
to acute nephritis, in which the convoluted tubules are -mainly 
involved) and persist to the end. In most instances the anuria 
disappears within twenty-four hours, but the urine is then 
found to contain, if the intoxication be sufficiently severe, 
hyaline and epithelial casts and more or less albumin. The 
salivation, stomatitis and glossitis are no less marked than in 
mercurialism. The convalescence may last several weeks, dur¬ 
ing which the patient may lose several teeth, a large quantity 
of hair and become considerably emaciated. 

When the poiBon is introduced into the system through 
wounds, with the dressings, or through mucous surfaces, the 
vagina or rectum, by injections, the gastro-intestinal disorders 
appear nevertheless, but later in the history of the case, and 
generally along with the renal symptoms. 

Tha oorroaive action of bichloride of mercury, especially on muooua 
membranes, ie well known. Even tha akin may succumb to it. "When 
very strong solutions come in contact with tender parte of the akin,” 
says Cushny, 1 * "and in particular, when the salt itself ie allowed to 
lie in contact with it ■ for any length of time, deep corrosion, necrosis 
and sloughing may follow." 

The process through which the other symptoms described axe pro¬ 
duced ie similar to that which prevails in "mercurialism." 

This identical corrosive action ie that which causes the bichloride 
to act with greater violence than the other salts of mercury, as a 
Being transmitted to the test-organ by leucocytes, it is pnlKble that 
it reaches this organ hut slightly, if at all, modified by the auto-anti¬ 
toxin in these cells, since, as observed by Stassano,"* the sublimate in 
leucocytes derived from the blood of dogs poisoned with this salt, can 
be converted into the red iodide fay appropriate treatment. Again, 
though aa stated fay Carles"* notwithstanding tire "marked resistance 
to the action of poisons which kill all other cells," they are themselves 
killed or weakened under the influence of very active poisons. In acute 
piwlnt therefore, the sudden invasion of the blood by the toxic 
endows it with almost as active irritating properties as the toxic itself. 
Suoh Mood is no longer, like the albuminate, an inert agent, and its 
action on the adreno-thyroid center being .active in proportion, so great 
a volume of auto-antitoxin accumulates In the blood that the vascular 
disorders d es c r i be d in the general text are produced. Hence the intense 
capillary hyperemia o b serve d in various organs, and the erythema, 
dermatitis, (edematous swellings, etc., to which mercurialisetlon gives rise. 
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Th§ trealmont of poisoning bg mercury is described In ft 
special flection at the end of this volume. 

Thiiapeatieft—The beneficial effects of mercury are 
obtained with doees which increase sufficiently the auto-anti- 
toiin of Uie Wood to destroy the cause of the disease, whether 
it be a microorganism and its toxins or endotoxins, toxic waste 
products, etc.* When this limit is exceeded, mercury is a 
poison: it raises the functional activity of the adrenal center 
to such a pitch that tho body's auto-protective system is con¬ 
verted into an auto-destructive system.* 

In syphilis, a disease in which, owing to the mode of infec¬ 
tion, the adrenal system is for a time inactive,* each ca se 
requires a given quantity to excite the test-organ, and this 
quantity must be carefully adjusted to the needs of the condi¬ 
tion present, the object being to raise the immunising potential 
of the blood to the degree required to destroy the pathogenic 
elements, but not beyond.* 

Mercury hu been used in syphilis by some clinicians on the gen¬ 
eral principle that the quantity introduced into the system would 
antagonise a correspondingly active morbid process.* Being a formid¬ 
able malady, it is thought that “a greater impression is made on the 
disea se **—using the words of a recent writer—when large quantities 
are administered by inunctions, subcutaneously, etc. As will be shown, 
this Is quite unnecessary and may prove very harmful. 

Owing .to the'external use of mercurial preparations as 
antiseptics, the belief that they might act similarly in bilious¬ 
ness, gastro-enteritis, summer diarrhoea, etc., has caused them 
to be tried, and, in many instances, with gratifying results. 
These should not be attributed to a direct action of the prep¬ 
arations used, but to their influence on the test-organ, and to 
the bacteriolytic and antitoxic action of the blood's auto-anti- 
toxin, the production of which they promote.* By enhancing 
metabolism, small doses have likewise proven valuable in 
anemia, sthenic inflammation, and kindred disorders. 

This is well shown In the condition known ns “biliouane ss,” due 
to hypocstsbollsm of physiological toxic wastes; 10 grains (0.00 am.) 
of Mas mass, followed by a saline aperient to rem o ve any excess of the 
drug In the intestine, promptly corrects this disorder by stimulating the 
body's auto-protective mechanism. Such a large dose Is not nee de d, 
however, to insure this action: */„ grain (0.0005 am.) of calomel with 
a little soda bicarbonate every hour, five times, will act as efficiently, 
since a minute doss suffices to excite the tatcrjpn. If flushing of the 
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intestine Is desired, a copious Am of antitoxic intestinal Juke in 
nM ffJnn to the heps tie action, huger doees: V# to % grain (0.01 to 
OlOS am.) every 10 or SO minutes until 1 or 2 grains (0.005 to 0.1 
gm.) are taken, may be ordered. In the gtutro+nteritie due to the 
presence of fermentative toxic products of digestion 7» to V« grain 
(0.0013 to 0.001 gm.) doses of the yellow oxide in sugar of milk, or 
in the yammer liwrrifJ Vm grain (0.C0013 gm.) of the bichloride 
every hour in solution until relief is obtained, are very effective through 
a similar process. In gaatrio irritation from the same cause, or where 
there is also vomiting, either in adults or children, 7m. grain (0.00065 
gm.) of the bichloride is often curative given every hour live times, 
them at longer intervals; provided, of course, dietetic errors be corrected. 
In gaatrio ulcer l / m to Vm of the bichloride before meals promotes 
cicatrisation of the ulcers. 

To increase the nutrition 
whom the stools are pasty and ill-i 
every hour five times, and repeated 
fieial. The powder may be mixed with a little sugar and applied to 
the tongue. In amentia ’/ m to 7« grain (0.001 to 0.0016 gm.) of the 
bichloride three times daily is of recognised value. Mercurials were 
long in favor to counteract athenio inflammation, but, except in iritis 
due to syphilis, are now seldom employed. The use of excessive doses 
accounts for this fact, very small doses alone being indicated. 



The bacteriolytic and antitoxic activity which the blood 
and the intestinal juices acquire under the influence of mer¬ 
curials, accounts for the beneficial effects observed in various 
infectious diseases, typhoid fever , diphtheria, acute tonsilr 
litis, puerperal septiceemia, etc. 


In typhoid fever German practitioners give 10 grains (0.66 gm.) 
of calomel daily for three days. Others have also found that small 
doses, V„ grain (0.0065 gm.), four times in the twenty-four hours 
diminished considerably the intensity of the disease and Its duration. 
The Germans regard the drug as an antipyretic, owing to the effects 
observed. In the light of my views the reduction of the temperature 
is due to the fact that tfae pathogenic organisms and their toxins are 
greatly reduced through the increased activity of all immunising pro¬ 
cesses. Among others, Rondot'“ observed a decided shortening of the 
disease in 21 cases, and diminution of the severity of the symptoms by 
the use of Vi* grain (0.005 gm.) of bichloride daily, divided in very 
small doses given at short intervals. 

Ackley™ found that a mixture of 7,. to 7m grain (0.005 to 0.0065 
gm.) of the biniodide and 10 grains (0.66 gm.) of saccharated pepsin 
every six hours checked the marked symptoms and greatly shortened 
the duration of the disease. 

Before antitoxin—which should always be given the p ref erence 
when available w as Introduced, one of the most effective agents in 
diphtheria was calomel in large doses. The cyanide, 7 m to ’/■ grain 
(0.00065 to 0.0013 gm.), every hour, or the bichloride, */• to 7m grain 
(0.0016 to 0.0065 gm.), can be given one or two days, even to children, 
with less danger of causing salivation. The simultaneous use of 
depressing drugs should be avoided. 
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„ „ — T~ w • ■; - —— — Bdtw’* method: 2 to 5 irrainn in l* | n 

OJS gm.) of calomel every hour until the stools acquire 
whm the lntor™lj u» lrngtlKaad. grildft.- 

* rBr*"" with . **• «”i^ShSTS. 

mortality was only 4.9 pep cent A teasiioonful of a 1 in 10.000 solu- 

.t? t h r r * T°A ,line to thc ■w ot «•* «“S. 

Tf* °^ er , dru g» *■ that vnrious ngcnU th.it have 

been tried in diphtheria tend to depress the protective functions. 

Am ong other disorders distinctly influenced liy mercurials 

owing to the increase of immunizing substances their use pro¬ 


vokes, are acute tonsillitis, puerperal septicaemia, the exanthe¬ 
mata of childhood, and cerebrospinal meningitis. 


IODINE AND THE IODIDES. 


Physiological Action.—Iodine and its preparations, in 
whatever way administered, are taken up by the leucocytes, 
and it is through the intermediary of these cells that they— 
or rather the substances into which thc leucocytes convert 
them—penetrate into the circulation. Thc thyroid and purn- 
thyroid glands being the organs which utilize iodine for thc 
elaboration of their secretion, thyroidasc, nil the iodine ingested 
with foods is distributed to these glands. When iodine or its 
preparations are administered, however, thesu organs do not 
necessarily utilize the quantity ingested; as iodine is one of 
the substances which the body stores for future use, they admit 
only enough blood (and, therefore, iodine-lndcn leucocytes) to 
supply their momentary need.* 164 As a result, the thyroidasu 
cannot become overrich in iodine; its sensitizing influence on 
all the cellular elements of the body, including those of the 
pituitary, and its stimulating action on thc test-organ of thc 
latter are always the same under normal conditions.* If from 
any cause, however, the food fails to supply enough iodine to 
satisfy the needs of the thyroid apparatus, therapeutic doses 
of this halogen prove beneficial through this apparatus, by 
enabling it to restore to thc blood what proportion of thy- 
roidase it may be lacking.* 

The main therapeutic action of iodine and its prepara¬ 
tions^ however, is of another kind. It is due to thc direct 
action ot the iodine compound (secreted by the leucocytes 
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which have failed to be admitted in the thyroid and parathy¬ 
roid) upon the teat-organ and stimulation of the latter. 41 As 
this cauaea overactivity of the adrenals and a corresponding 
increase of adrenozidaae in the blood, general metabolism 
becomes more active; As a result, nutrition is improved, the 
processes of repair are hastened, and the bacteriolytic and anti¬ 
toxic powers of the blood are greatly enhanced.* 

Therapeutic doses of iodine, or its salts, do not cause 
emaciation, and do not influence either the blood-pressure or 
the pulse. 

The manner in which iodine is taken up by the leucocytes in the 
intestinal canal and the blood; the relationship between these cells and 
the thyroid apparatus, and, finally, the mode of action of the iodine- 
laden secretion of the latter on the test-organ, were treated in the pre¬ 
ceding chapter. 

As to the influence of iodine upon metabolism, Nothnagel and 
Ro ss b a c h,"* alluding to the effects of the iodides on nutrition, write: 
"During a certain period the conviction that iodine and potassium iodide 
produced emaciation was such that all toe theories on the mode of 
action of iodine were b ase d on that idea. But this view has been 
actively combatted (Rieord, Bolnet, Wunderlich), and it was finally 
concluded that K I not only did not cause emaciation, but that, con¬ 
versely, it caused fattening." In truth, both views are sound. As 
stated by Manquat:"* "Emaciation is an inconstant symptom, it is 
true, but it is often witnessed, especially with larger doses than 2 gms. 
(SO grains) daily. With very small doses (0.20 gm.—4 grains) it 
is not only not to be feared, but there occurs greater activity of the 
circulation, and secondarily of the nutrition, particularly of the myo¬ 
cardium." In other words, large d o s e s produce emaciation and small 
doses enhance nutrition. This c orre s p o nds with the apparently con¬ 
tradictory results as to the excretion of nitrogenous and other'wastes: 
While Rabuteau, Milanesl and Bouchard, 1 " Henrijean and Gorin,"* and 
others, noted an increase of nitrogen output, Handfleld Jones,"* in a 
series of six cases, noted an increase in only three patients, while the 
other three showed a decrease all large dusts of pfttfmrtnm 

iodide. 

All these discordant observations assume a normal aspect in the 
light of my views: when the d oses are small the test-organ is stim¬ 
ulated just enough to enhance nutrition, while large doses, by stimulat¬ 
ing it too actively, excite hypermetabolism, {.e., excessive consumption 
of tissue elements and wasting. That such is the case is further shown 
by the fact referred to by Wood"* and Gushinr,"* that iodine 
causes fever. 
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"lnwgli we ascribe to it iltaraUfa virtues,” mi Griflto* "n 
Iwnbj not much nearer an understanding of its action, though 
pronou nced action over nutrition and ite disorders It certaUtiy 

Aa hypermetabolism involves the presence In the blood of an 
1 °f auto-antitoxin, the blood’s bactenolvtio and antitoxie 
la i ncr ea sed in proportion. It is likewise richer in phagocytes, aa shown 
by Heins* sna Schleloh.* Bo active, in fact, can the blood hseww as 
an i mmuni sing agent that excessive d os e s can provoke hotmolvsis. Thus 
Henrijean and Cfcrin found that 1 gm. (15 grains) of sodium iodide 
reduced the red corpuscles from 8,250,000 to 4,125,000 in the rabbit, in 
tswlj'frinr hours. Helle also observed that iodoform caused autolysls. 

Therapeutic doses of iodine or of its preparations do not influence 
the blood-pressure or the pulse. Stockman and Charter!** state that, 
although ordinary d ose s of sodium or potassium iodide cause no change 
in the strength or rapidity of the pulse, “reference to text-books on 
pharmacology and therapeutics shows that most authors attribute to 
the iodides a depressing effect on the circulation and blood-pressure, 
while only a minority hold that there is no adequate proof of thin” 
Using von Basch’s sphygmomanometer and Gflrtner's tonometer, they 
studied the blood-tension and pulse-rate of numerous patients who, for 
one reason or another, were taking potassium or sodium iodide. 
Although the doses taken tanged from 15 to 180 grains (1 to 18 gms.) 
—one. In fact, 300 grains (20 gms.)—daily, “in no case did any fall 
In the blood-pressure occur, or any change in the rhythm of the heart.” 
Similar res earches were undertaken by James Burnet* in a variety of 
cases, including aneurism, arteriosclerosis, angina pectoris, asthma and 
tertiary syplulis, potassium iodide being given by the mouth. He 
observed "no effect whatever, either upon the pulse-rate or blood-pres¬ 
sure within the arteries.” The hypodermic use of iodipln was also 
studied. "In no case,” says the author, “was the blood-pressure altered} 
nor was the heart's rate or rhythm affected. Especially, I found that 
the heart’s action was never increased nor depressed, and that the pres¬ 
sure within the radial artery, when markedly high to begin with, was 
never lowered, even after a prolonged use of the iodipn injections. 
Still, all the same, I had good results in nearly all my cases.” 


Iodine and its preparations not only do not, as shown 
above, cause vasodilation either in large or small doses, but 
they provoke constriction of all vessels, arteries and veins, 
because these veaels are supplied with a muscular coat, and 
owing to the excessive metabolism which they incite indirectly 
in this, the contractile layer of these vessels.* This morbid 
phenomenon is aggravated by another factor: the presence in 
the blood jof sufficient iodine to irritate the intima, a feature 
which, in itself, tends to promote constriction in vessels sup¬ 
plied with vasomotor nerves. What has been mistaken for 
general vasodilation is dilation of the capillaries.* These 
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delicate vessels not being supplied with a muscular coat or 
vasomotor nerves, are not morbidly influenced as are the 
others,* but they suffer indirectly: the arteries and veins, by 
contracting inordinately, drive the blood into them cause 
passive dilation.* So great is the pressure in some cases, that 
the plasma is forced out of the capillary walls in relatively 
large quantities—sufficient, in fact, to cause oedema of the face, 
larynx, pleura, lungs, etc., and even to provoke their rupture, 
as shown by the ecchymosis, haemorrhages, hematuria, purpura, 
menorrhagia, metrorrhagia, etc., witnessed. 


E. Cytm m also lays stress on the fact that It Is a grave error 
to -eonaider iodine as a vasodepressor. The prevailing view that iodine 
and its preparations lower the blood-pressure is due to a deplorable 
habit (deplorable In the sense that it has contributed greatly to obscure 
our knowledge of the action of all drugs) into whlah experimenter s 
have fallen, of taking as standard the pr aonous effects of a remedy for 
Its therapeutic action. Thus I have before me the protocol of experi¬ 
ments by an eminent therapeutist In which 0.28 gm. (3V„ grains) per 
kilo of animal are administered to rabbits to illustrate the therapeutic 
action of potassium iodide. An equivalent dose to an average adult (70 
« l0 *>.wwW,«>iu>s be 17.5 gins. (270 grains). Of course/he obtained 
vasodilation in five minute*—but dilation of the capillaries only, as 
we will see. Now, S8e and Laploque 1 ** found that certain proportions 
of the various iodides per kilo of animal were necessary to produce such 
effects. Adapting their figures (the first column) to an 
adult of 7© kilos, the pro port ions -seed by the unnamed investigator to 
exemplify the therapeutlo action of the drum would be those given in 
the second column:— 


aim of axperi- 
eatal 11 therapeutic 1 ' 
la animal*. 


Equivalent of 
" tharapantlo" 
adult 


la 


Iodide of Bodli 

Iodide of Bodli_. 

lodido of Strontium 
Ioilldo of CLkrium . 
Iodldo of Potassium 
lodido of Potmaalom 



SS.4 gnu, 
SI. 

SS.4 •• 

ias •• 
las 
ist •• 


— MS grmlaa 
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Such a dose, suddenly thrown into, the circulation, in no way 
Illustrates the mods of action of iodine preparations used therapeu¬ 
tically, especially when administered orally—not even when luge quart- 
tiflee ere given. PrAvost and Blast 1 " and others who hays ob served 
u vasodilation” specify, moreover, that It was produced by large doem. 

As to the irritating influence of iodine (accumulated in toe blood) 
on living elements, it is not only exemplified by the irritating action of 
iodine on the skin and mucous memnranes, but also by the Irritation 
attending its elimination through the thin, kidneys, Vtc. As to its 
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| __, von Zeissl'** found that when iodine was injected 

the earotid of doge, the blood-pressure rone intensely, producing 
ir d—>*■ not only of the brain, but also of the lungs, Tfaia ie ascribed 
to a direst action on the vessels Although violent stimulation of the 
ihmhtlres assisted in provoking such excessive vasoconstric¬ 
tion, ute fact remains that the local irritation contributed materially 
aa cause. The production of excessive vasoconstriction is well shown 
hr a case of fatal poisoning following the injection into an ovarian cyst, 
reported by Bose.™ At the autopsy he found that even comparatively 
lugs arteries were completely occluded. Bogolopoff, 1 " on the oilier 
i«id o b s e r ved micrsseopically that in frogs, into which a solution of 
potassium Iodide had been injected, the capillaries were markedly 

dilated. . 

The production of oedema and interstitial hrnnorrhajjo could be 
illustrated by a large number of cases on record. In a case reported 
by lflllan, m for example, 8 sms. (90 grains) daily brought on at tlio 
fwii of six dura, an ecchymosis and large submucous hemorrhage of the 
Dilate. Wallace" 4 observed pleural exudation and pulmonary rndema 
jitter prolonged treatment. (Edema of the glottis may be brought on 
by 45-gruln (3 gm.) doses (Fenwick), or much larger doses; but 
smaller doses have also caused it: 15 grains (1 gm.) in rases reported 
fay Ntiaton, Fournier, Huchard, Rosenberg; or small doses in cases 
reported by Fournier, La Baroerie and Guillemet. In all these cases, 
ofoourse, the remedy had been used during a more. or less ^longed 
period. The brain may also become hypenemic. Sokolowskl,"* in ani* 
mmlstrephliied after the administration of lami doses of poUssinm 
Iodide, found the cerebrum gorged with blood. ^Hila arraunto for thr 
observation of Rilliet that iodine could cause a sort of drunkenness 
attended with excitement, tinnitus, palpitations ‘“JSWSg; 

and for the eases of cerebral hemorrhage reported by Hallopeau. Till* 
excessive vasoconstriction may even entail death, as In SSSSSm 

by Frans,*" In which 1 gm. (15 grains) Stores led,to ^ e, ulceration 
of the name, abeceeees, etc., and finally death by double hydfafertss n 
pulmonary oedema. 

T ffdim. —This condition is due to the presence of an 
excess of iodine in the blood over and above the aggregate of 
this halogen required by the body at large.* This aggregate 
is represented by the iodine contained in the thyroid and para- 
thyroids, the red corpuscles (which take up their thyroidaso) 
and what reserve the body fluids and the different organs can 


accommodate. .... •*„ 

Although, on the whole, large quantities of iodine or its 

salts, whether given in one dose or in many small doses, arc 
more likely to cause iodism than email quantities, the question 
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of dose is subsidiary to the condition of the patient. A very 
small quantity may thus produce iodism merely because the 
patient’s asset in iodine is up to its maximum limit*—bis 
supposed “iodiosynerasy.”* This is particularly the case in 
subjects whose thyroid apparatus is only able, owing to local 
disorders (goiter, for example) or deficient development, to 
take up a small proportion of this halogen.* Any condition 
which inhibits more or less its excretion also predisposes a 
patient to iodism, by causing his asset to remain high.* 

-The two physiological effects of iodine on the test-organ 
(the direct action plus the sensitizing action of the thyroidase 
which acquires its normal (but not maximum) power during 
the use of iodine) causing it to react violently, the adrenals are 
stimulated with corresponding vigor and, the excess of iodine 
in the blood aiding, abnormal vasoconstriction, produced in the 
manner described, occurs. This abnormal vasoconstriction 
is the direct factor in the production of iodism, and may give 
rise to four classes of morbid phenomena: (1) passive engorge¬ 
ment or congestion of all capillaries; (2) oedema, when the 
engorgement becomes excessive; (3) ccchymoscs and haemor¬ 
rhages when the walls of the capillaries are ruptured; and (4) 
arrest of function and nutrition when the vasoconstriction is 
such as to reduce or arrest the flow of blood to the tissues. 

The group of morbid phenomena due to capillary engorge¬ 
ment includes:* in the respiratory tract, coryza, antral and 
frontal pain, pharyngitis, tonsillitis, cough, hoarseness, tracheo¬ 
bronchitis and pulmonary congestion; in the nervous system, 
headache, insomnia, delirium, neuralgia, neuritis, pleurodynia; 
in the muscular system, myalgia, tremor, twitching and spasm 
(the spinal centers being likewise hyperoemic); in the organs 
of special sense, conjunctivitis, dacryocystitis, tinnitus curium, 
deafness, perversions of taste; in the digestive system, gastrio 
irritation, vomiting and diarrhoea; in the skin, pruritus, ery¬ 
thema and dermatitis; in the urinary system, polyuria, 
albuminuria and nephritis; in the glandular organs, salivation, 
parotitis and hepatitis with icterus. Less frequently seen are 
the cedematons infiltrations: oedema of the larynx, palate, pleura 
and lungs, and of the lids, lips, neck, and even the entire sur- 
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face. Bupture of the capillaries under the stress of the blood- 
pressure is denoted by more or less extensive ecchymosea some¬ 
times involving large areas, epistaxis, hemoptysis, hematuria, 
menorrhagia and hemorrhagic purpura. 

The fourth group, due to excessive initial vasoconstriction, 
thus obliterating or reducing more or less local blood-supply 
and depressing functional activity,* includes as 1 6 the brain, 
somnolence, intellectual torpor, vertigo, loss of memory, hebe¬ 
tude, hypochondria, and melancholia; as to the spinal system 
and muscles, adynamia, muscular flaccidity, incoordination, 
paralyses, a sensation of weight in the limbs; as to the ali¬ 
mentary canal, constipation; as to the skin, cyanosis, ulceration 
and necrosis. Nutrition may thus be impaired sufficiently under 
the prolonged use of iodides to produce atrophy, especially of 
tho mamma: and testicles. 

Cutaneous eruptions of various kinds, papular, vesicular, 
eczematous, erysipelatous, pustular, etc., may appear during 
the administration of iodine or its salts, especially of the 
potassium iodide. The presence of several of these eruptions 
coincides with that of other symptoms of iodism and with 
abnormal vasoconstriction; they are due to the fact that the latter 
condition, by causing retention of the drug in the capillaries 
of the skin, promotes therein disorders similar to those pro¬ 
duced by external applications of iodine. The multiplicity of 
cutaneous disorders is due to the presence in these capillaries 
of different kinds of wastes: alloxuric bases, hypocatabolised 
cellular debris, various acids, etc., each of which affects the 
cutaneous elements in its own way. The underlying cause of 
all these eruptions, therefore, is the same as in all phenomena 
witnessed in iodism, viz., abnormal vasoconstriction.* 

All these phenomena, and tho excessive constriction of the 
arteries, would not occur were iodine able to excite the thyro- 
pressor nerve.* But such is not the case. Even when taken 
In doses sufficient to produce acute poisoning, iodine and its 
preparations fail to increase the secretory activity of the 
thyroid.* Were it, in fact, otherwise, this organ would waste 
its product whenever its own pabulum, iodine, would enter 
the blood.* 
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That retention of Iodine moat prate detail mental ie su g ge s ted br 
the pr op or ti on eliminated, la a case treated by H. CL Wood m Sflo 
grains (17 gms.) were r ecov e red daily by Marshall from the urine alone, 
out of 300 grains (24 gms.) administered. Aeoording to Wood, M 80e 
statee that the elimination is apt to be irregular, so that the drag may 
aocumulate in the system.” Cushny*" says, moreover, that among the 
conditions "whioh favor the onset of symptoms, is a slow excretion of 
the iodine such as is observed in some forms of renal irritation." 

As to the quantities of Iodine or its salts which produce iodism, 
the comprehensive re s earch of Briquet*** in several hundred cases, led 
to the conclusion that "the greater the dose of any iodide, the greater 
the likelihood that iodiam will appear, and that the sym pt o m s will be 
severe”—contrary to the prevailing opinion. He cites, moreover, eases 
reported by Breegen, NPgre and Fetitjean in which large doses would 

I t induce It, while smaller doses would not. According to my own 
nterpretatlon of its effects, the nearer the patient's condition approxi¬ 
mates normal health, the greater are the chances of his davmoplng 
Iodiam. I have not only observed this fact clinically, but Ricord, Jullien 
and Wood, according to Briquet, have observed that syphilitics appear, 
on the whole, to be practically immune to the morbid effects of the 
iodides as compared to others. There is no doubt, moreover, that very 
small doses can produce iodism in accord with the prevailing view. In 
one of my goitrous cases, less than 1 minim (0.005 c.c.) of the tincture 
of iodine daily produced it i Rilliet 1 * 1 observed that even sea-sir and 
eod-liver oil sufficed to awaken morbid phenomena in these cases. 
Gautier** 1 confirmed the observation as to the influence of the sea-sliore. 
and refers to a case in which poisoning followed "the application of 
iodine dressing to a tooth by a dentist. ,r The reason for this becomes 
self-evident if Interpreted from my standpoint. While Baumann*** found 
that the amount of iodine in the thyroid was greatly reduced when this 
organ was diseased, Ewald*** observed that in advanced colloid degen¬ 
eration of the gland only traces of Iodine were present. The hiss of 
the body’s great storehouse for this halogen accounts for its 
tlon in the blood and the readiness with which morbid phenomena are 
produced. This indicates how the onanism resents even minute quanti¬ 
ties when they exceed the physiological limit. Indeed, Irrespective of 
the presence of goiter, small doses may also provoke iodism. Hynes’" 
reported a cane In which 3-grnin (0.2 gm.) doses brought on homor- 
rhagic rash; and H. C. Wood"* one In which 0 grains (0.4 gm.) doi ly 
brought on violent conjunctivitis with facial (edema. 

The presence of iodine in the cutaneous secretions has been shown 
by W- Taylor." and other observers have found it in the saliva, nasal 
sscretidn, milk,_eto. Its morbid influence in the production of the cuta¬ 
neous disorders during elimination is generally recognised. Cushny*** 
writes: "That a similar action on the skin may be induced fay iodine 
and iodides is shown by the application of Iodine to the skin, being often 
followed hy eruptions which are not confined to the point of applica¬ 
tion, but spread.” That toxic wastes must be retained as well as the 


™ H. C. Wood: Loe. ell., thirteenth edition, p. in, IMS. 
*" Cushny: Loe. ell., fourth edition, p. MS, IMS. 

"* Briquet: Bsmslne dU„ voL xvl.p. 1ST, IMS. 

*** RlUlot: Cited by Nothnsgel and RoaSbaeh: Lea eil. 
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Muta hardly needs to he emphasised) their 
_ \ of eruptions la also well-known, 

symptoms o b s er ved in iodism could be eonalderaUy 
iently so. In feet* to show that the three degrees of 
passive eapillanr hyperemia: the simple, exudative and hemorrhagic, 
eaa be provoked by iodine and its preparations In all organs. The net 
that such an array of phenomena can be explained by tala one general 
m ec h a n ism, affords in Itself conclusive proof of Its soundness as an 
explanation of iodism—especially In view of the fact that the physi¬ 
ological action of iodine has remained unknown. 


Acute Poisoning.—When a poisonous dose of iodine h 
taken, a sense of severe burning in the pharynx and oesophagus 
is soon followed by nausea, retching and vomiting, and ulti¬ 
mately by cramps and, in some cases, purging. These are purely 
local phenomena due to the caustic action of the drug. 

When a large quantity of iodine passes into the blood, 
the general vasoconstriction, described in the preceding pages, 
becomes such that all functions arc inhibited, including those 
of the heart, owing to narrowing of the coronaries and other 
cardiac arteries.* The heart-walls being no longer supplied 
with enough blood to sustain their functional activity,* their 
contractions weaken, and the pulse becomes frequent, feeble 
and thready. This condition is aggravated by the concomitant 
constriction of the arterioles which supply the pituitary body 
and the inhibition of nil the functions carried on by this 
organ.* Great weakness, anuria and cyanosis appear and death 
occurs from heart-failure. If the patient survives, the acute 
'vasoconstriction of the arterioles becomes less marked, and the 
blood, driven to the periphery by the contracted central vessels, 
floods the superficial capillaries,* causing marked flushing and 
even blotches resembling exanthematous patches, liasmorrhages, 
etc., though tho temperature remain low. If death docs not 
occur, the acute symptoms may be replaced by those of iodism 
and the patient lingers for some time, dying more or less 
suddenly of cardiac inhibition.* Recovery occurs in a large pro-* 
portion of cases, however, when the dose taken is not exces¬ 
sively large. 

Tbs morbid process in acute poisoning differs from that of the 
fourth group of “Iodism” only In that tho hypsroonstrletlon comes sud¬ 
denly and with probably greater violence. I have shown elsewhere”* 
that tha belief of physlol9*psta that the coronaries are not supplied with 
vasomotor n e r ve s Is erroneous. This q u es tio n la rev i ewe d In a snecee d - 
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lag chapter, when a znierophotograpk shows beyond question the aU> 
race of sueh nerves. All the arteziee of the body being oozutriatod 
simultaneously, the caliber of the arterlea of the pituitary is not redueed 
as grentbr as it la whan their contraction is due to dep r esso r impulses. 
The morbid effects on the other organs, the heart, for instance, stand 
out, therefore, more prominently. The secondary hypenemia, exanthe¬ 
matous patches, etc., referred to nave been obs er ved by several clinicians 
to follow scute poisoning. 

The treatment of poisoning by iodine is described in a spe¬ 
cial section at the end of this volume. 

Therapeutics.—The foregoing interpretation of the phy¬ 
siological action of iodine and the iodides accounts for their 
marked value in diseases characterised by impaired metabol¬ 
ism, defective nutrition, certain infections and chronic inflam¬ 
matory process in which resolution is delayed. In gout, then- 
matism, asthma and disorders of the menopause, their benefi¬ 
cial effects arc due to the fact that by increasing the auto- 
antitoxin in the blood, the pathogenic toxic wastes are not 
allowed to accumulate. In syphilis, tuberculosis and scrofula, 
their power to promote phagocytosis also comes into play, the 
bacteria, their toxins or endotoxins, being combatted by the 
same constituent—antitoxic and bacteriolytic—which is caused 
to accumulate by injections of tuberculin or kindered sub¬ 
stances. Even parasites may be destroyed by the digestive 
activity which the blood acquires through iodine and its salts, 
as shown by its remarkable effects in actinomycosis. In torpid 
processes, such as chronic bronchitis, pleuritis or endocarditis, 
the curative action of these valuable agents differs in no way 
from the above: by increasing the activity of metabolism, they 
promote nutrition and process of repair, while simultaneously 
insuring the destruction of'the detritus and of any pathogenic 
germ that may be present—all this, while protecting the body 
against renewed infection.* 

The doses indicated differ in each case, since its action is 
dependent upon the asset of the organism and the condi¬ 
tion of *the test-organ. If the patient’s asset is up to the 
maximum, as is often the case in normal subjects, small doses 
suffice to raise the functional activity of the test-organ and, 
therefore, the defensive properties to a high degree of effi¬ 
ciency.* If conversely his asset is small, his thyroid poor in. 
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iodine-laden cells, end his test-organ is torpid, c ond it io ns 
essentially present in syphilis and various disorders accom¬ 
panied by paralysis,* large doses are necessary, first to replenish 
the thyroid and enable it in turn to supply the red corpuscles 
and all cells with enough thyroidase to endow them with tho 
normal irritability, and second to awaken the test-organ from 
its lethargy.* 


ADRENAL EXTRACTIVES. 

(Adrenal Extract, Adrenalin, Kpinephrin, Suprarenalin, etc.) 

Physiological Action.—When a therapeutic doao of an 
adrenal active principle, adrenalin, epinuphrin, etc., or that 
embodied in adrenal extract, is introduced directly into the 
blood, it increases, in proportion to the quantity administered, 
the catalytic and oxygenising properties of the haemoglobin, 
and the activity of cellular interchanges—the vital process 
itself—is thus enhanced.* This effect is shown prominently 
in conditions such as surgical shock in which all functions are 
markedly depressed. 

The Influence of the drug on metabolism Is well shown by the rise 
of temperature it causes. Reichert”* observed that adrenal extract 
caused an elevation of l a F. in rabbits, accompanied by increased meta¬ 
bolic activity. L*pine m states that the increase of blood-pressure 
eanaed by adrenal extract is always followed by a rise of temperature. 
Morel 11 * noted that it caused in guinea-pigs a rise of from 0.S* to 1.8* F. 
Again, Kinnaman, 11 * in a comprehensive study of the temperature rela¬ 
tionship to shock, concluded that as shock incr ease d In severity, the 
most uniform and progressive factor was the fall in temperature. Ho 
states that “in one series [of eases] the fall In temperature was the 
sole cause of shock.” The results of Crile*** with adrenalin in salt- 
solution given very slowly and gradually for a considerable time thus 
And a normal explanation. He supplied the organism precisely with 
the substance which sustains the vital process in the tissue cells. He 
also resuscitated animals in this manner—with simultaneous artificial 
respiration—fifteen minutes after all signs of life had cea s e d, and was 
able to keep a decapitated dog alive over ten hours by this same pro¬ 
cedure. 

By enhancing the catalytic and oxygenising properties of 
the Uood, and therefore tissue metabolism, adrenal extractives 
provoke directly effects that are produced indirectly through 
the adrenals, by drugs and poisons capable of stimulating the 
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test-organ.* The functional activity of all organs—includ¬ 
ing the leucocytogenic structures and the pancreas—being 
enhanced, the blood is provided with an increase of phagocytes 
and of plasmatic auto-antitoxin.* Adrenal extractives thus 
increase the immunising properties of the blood. 


Byelavanti" found experimentally that adrenalin first_. 

the gaseous Interchanges. This sho&s that It becomes an Inherent fac¬ 
tor of the blood’s oxygenizing constituent. This action-is evidently 
widespread, for loteyko 1 " noted that adrenalin increased markedly the 
contractility of muscles under electrical excitation. Battelli, moreover, 
found that during fatigue the proportion of adrenalin in tk adrenals 
was diminished, while conversely Dessy and Grandis 1 " observed that an 
aqueous solution of adrenal extract injected Into the exhausted »nim.i 
restored the contractility of its muscles in from 2 to S minutes, and 
rendered them more resistant than before the experiment. 

5 That the adrenals .causes In some way, the destruction of blood- 
usons has asserted itself so prominently that various investigators, 
belous and Langlois, 1 " for example, consider it as their only function. 
This is the basis of the so-called "auto-intoxication" theory. Indeed, 
tiwse investigators, and also Albanese, having observed that snlimh 
deprived of their adrenals rapidly succumbed to a short exertion, they 
concluded that It was the secretion of the adrenals which neutralized 
the muscular toxic wastes. This theory has failed in its main feature. 


- --.*-Assess wrewkj UU 1M1CU IU AM OUUD lHVUn}| 

. - ,— r i w* 1 there ii no foundation for the belief that the secretion Itself 
destroys these poisons. Interpreted from my standpoint, Abeloua and 
Langlois s theory assumes another aspect: the adrenal accretion b eing , 
aa adrenoxidaae, a constituent of the bacteriolytic and antitoxic triad 
trypsin, and the one which endows it with its quality as a ferment, tho 
antitoxic power of the blood gradually diminishes after extirpation of 
ue adrenals (since the animal lives a short time on what adrenoxidaae 
his blood happens to contain), and the muscular toxic wastes being l™ 
and less destroyed, accumulate in the blood. Hence the fact thatexer- 
tlou after removal of the adrenals hastens, aa we have seen, the lethal 
iasueb while the post-operative use of adrenal extract, as first shown 
ter Brown-S numrd, prolongs life. Schlfer— states, moreover, that 
“the transfusion of normal blood Into the veins of Mecapsuled’ animals 
tomb markedly to prolong their survival of the operation." In other 
form tne active principle of the adrenal secretion is 
Introduced. It ineraases the antitoxic power of the blood—precisely aa 
la the cas e wh en the teatHn-imn ia stimulated by a poison. The dlges- 
***• (wtltoiic) power of tno blood—including phiflocytoili nnt bo 
so increased, in fact, that destruction of the MoodHeelliithemselves will 
?°? ur ’ Thua I^epar and Cnrason"* observed that injections of adrenalin 
into the bh»d first caused leucocytosis, then hnmolysls. Nor does this 
appiy only to toxic muscular wastes, for Meltaer and Auer— found that 

tne intmwioiH IhImUmi nf _ _ llm __. _ 


the intravenous injection of adrenalin 
surely fatal dose of strychnine. 


renders a rabbit resistant to a 
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When Applied locally to mucous membranes, adrenal ex¬ 
tractives produce blanching through local ischaemia. This is 
due to the fact that they excite very active local metabolism 
in all the tissues into which they penetrate.* The muscular 
elements of the arterioles and veins being thus caused to con¬ 
tract to their utmost limit, the access of blood to the cellular 
elements is prevented.* The energetic consumption of cellular 
materials which this excessive constriction entails,* is some¬ 
times sufficient to cause gangrene by arresting local nutrition. 
Again, it leaves the cellular elements deprived of nutrient 
materials for a time,* their restoration occurring in a measure 
according to the age and general recuperative activity of the 
patient. Hence* the gaping vessels, the wdematoua infiltra¬ 
tion, etc., observed after tike local use of adrenal extractives, 
especially in debilitated and aged subjects, and the post-opera¬ 
tive hemorrhages occasionally witnessed. 

Local hypermetabolism ia well exemplified by the experiment*- of 
Hester and Wakeman,*" In which they found that by painting the pan¬ 
creas with 1 c.c. of a 1 in 1000 eolutlon of adrenalin, they earned 




markedly the functional activity of the pancreas, and increased the pro¬ 
duction of amylopeln—the ferment which converts glycogen Into sugar. 
Wolownik-Cbarkow** found that after the administration of large doses 
to rabbits, the liver contained less glycogen than the control animal. 
MUller*" found, moreover, that adrenal extractives produced no morbid 
changes In the tissue*—thus pointing to mere excess of activity—and 
that It did not Interfere with reparative changes. 

Bo Intense is this local vasoconstriction that Braun*" found that a 
eolutlon of 1 In 1,000,000 of the active principle depleted the tisanes 
as If they had been frown. Neugebauer*" and others have. In feet, 
found that It caused gangrene, the tisanes being totally deprived of 
blood. Taramasio*" observed a similar effect in experimental animals. 
This illustrates the activity of the intracellular exchanges it provokes 
In the muscular elements of the vessels, and for the observations of 
F. E. Hopkins,*" Kyle™ and others, that Its use Is liable to be followed 
by poet-operative hemorrhage, the vessels being left gaping when the 
action of the extractive passes off. Seltx*” obwrved sloughing of the 
nasal tissues. Solomon Bolls-Cohen*** reported an instance of acute 
oedema of the uvula, palate, pharynx and epiglottis. A similar, though 
more extended trdema, occurred in a case treated by Bloch.*** Many 
inataxwee of tola kind have been reported. 
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In luge therapentio doses given hypodermically or 
endovenoualy, the adrenal extractives increase markedly the 
force of the cardiac contractions. This is the result of two 
consecutive effects of the drug: the first of these is the direct 
action: as normally the secretion of the adrenals stimulates 
the right ventricle while passing through it on its way to the 
lungs with the blood of the inferior vena cava,* the presence 
of an excess of adrenal principle in this blood increases this 
action on cardiac dynamism.*' This occurs only when the 
adrenal extractive is not converted into adrenoxidase before 
reaching the heart.* The second action is indirect, but that 
which prevails in every instance.* The addition of adrenal 
extractive to the adrenoxidase—oxyhsemoglobin—already in the 
blood, increases its catalytic and oxygenizing power, and the 
functional activity of the heart is increased as well as that of 
all other organs.* 

The puMga of tho adrenal secretion Into the Inferior vena cam 
and its action on the heart having been studied in detail in the thir¬ 
teenth chapter, only a few of the main facts will be rehearsed here. 
Brown-SSquard, in 1853, found that the blood of the vena cava con¬ 
tributed to the heart’s contraction. Oliver and Schafer," 4 referring to 
the .use of a solution of adrenal extract in saline solution, write: We 
have in this way administered large doses of the extract to the dog, 
thereby producing the most violent cardio-vascular disturbance without 
causing a fatal result." The fact that extracts powerfully stimulate 
the heart was confirmed by Cybulski, Scymonowics, Gottlieb and others. 
Vincent, Velich. Ott and others having obtained a similar effect after 
dividing the cord, while Cyon“* found that it occurred notwithstanding 
division of the splanchnic*, it is evident that the effect was not of cen¬ 
tral origin, it being well known, moreover, that it is not prevented by 
section of both van. That the action is local is further shown by the 
fact that Brown- Sdquard found that removal of the adrenals greatly 
enfeebled the cardiac contractions, and that Injections of adrenal extract 
restored them. Again, I (1903) showed that the dynamic agent in the 
venous blood of the vena cava (which Brawn-SSquard thought was CO*— 
a fact disproved) was the adrenal s ecr e tion. Beaman Douglass (1905) 
found that an adrenal solution caused a detached heart immer s e d in it 
at once to resume beating. The oxidising activity of the blood on the 
adrenal secretion is given below. 

That a therapentio doee Influences the heart by Increasing the 
activity of its cellular exchanges, as It does that of all other tissues 
lather than by a direct action. Is self-evident, langfaia," 4 and Carnot 
and Josserana*” found experimentally that the adrenal active principle 
disappeared on entering the blood, while Bmbden and von Vurtlr* found 
•hat it waa oxidised in the latter, though not 1m vitro. 
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The muscular dements of the vessels being also the seat 
of excessive metabolism,* another prominent symptom shows 
itself: vis., elevation of the blood-pressure. This in turn gives 
rise to a third phenomenon: slowing of the pulse owing to the 
greater re s ist an ce offered by the blood-column to the cardiac 
muscle.* 

That hypennetabolism in the muscular layers of vessels cause* 
vasoconstriction has already been sustained in the foregoing pages by 
considerable evidence. It is shown, moreover, fay the fact that adrenal 
extractives, when administered during a prok iged period, produce 
arteriosclerosis, aa recently shown by Josud,*" Krb,™ von Raenthowskl** 
and others. Oliver and Sclilfer 1 ” showed twelve years ago that adrenal 
extract caused contraction of the blood-vessels by acting directly on 
their walls. In the light of the foregoing data, this is readily accounted 
for by the fact that it enhances excessively Intracellular metabolism in 
the vascular elements, the vessels being thus caused to contract violently. 
The smaller the caliber of a vessel, therefore, the greater the chance of 
its lumen being obliterated. Mow, the vasa vaaorum have long been 
‘known to take a prominent part in the pathogenesis of arteriosclerosis. 
Cowan 11 * states, in fact, that the “vasal changes may, in some esses, be 
the only visible lesion,” and refers to cases in which ne says "the inter¬ 
ference with the vascular supply from the vasal vessels produced medial 
and Intlmal necrosis.” Councilman's" 1 study of 41 autopsies showed 
that in the nodular form the primary alteration consisted “in a degen¬ 
eration or a local infiltration in the media and adventitia, chiefly about 
the vasa vaaorum." The manner in which injections of adrenal extract 
can give rise to the arterial lesions la now plain. By closing the vasa 
vaaorum, they arrest the nutrition of the vascular walls, and the 
lesions of arteriosclerosis follow. That lesions of the vasa vaaorum are 
actually present was recently confirmed by Bcheidemantel, 1 " Marini"* 
and Papadla. 1 " 

Poisoning.—In toxic doses, adrenal extractives, by causing 
excessive metabolism in the muscular elements of all vessels— 
excepting the capillaries, which are not provided with a mus¬ 
cular coat*—provoke so intense a general vasoconstriction in 
animals that all the organs are dangerously engorged. When 
death occurs its direct cause is pulmonaiy congestion and 
oedema and the consequent asphyxia. 

There is at first more or less irritability, excitement and 
restlessness, soon followed by stiffness of the muscles, with per¬ 
haps spasmodic movements, or tremors. Gradually as the 
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blood-pressure rises all capillaries become so gorged with blood 
that hemorrhage from the nose and mouth, hematuria, bloody 
diarrhoea, cutaneous oedema and eccbymosis may occur; the 
caliber of the arterioles is soon sufficiently reduced* however, 
to impede circulation* and the symptoms of cutaneous ischaemia 
appeal*, vis., marked hypothermia, and anaesthesia. This is 
accompanied by great prostration, paralysis (beginning in the 
lower Jimbs), labored respiration, at first rapid, then slow and 
shallow, feeble heart action and finally death from asphyxia. 
This is preceded in some instances by convulsions, due to the 
accumulation of toxic wastes. 

In man, besides the untoward effects produced by the 
local action of adrenal extractives, referred to on page 1171, 
'any of the morbid effects observed in animals may appear*after 
injections into the tissues or circulation. The usual symptom- 
complex due to an excessive, though not necessarily fatal, dose 
is: preliminary restlessness, then weakness and staggering. 
Gradually as the general vascular pressure increases, the blood- 
column crowds the heart* and may give rise to marked cardiac 
pain, the pulse being hard and tense. This is attended by 
free passive perspiration, also of vasoconstrictor origin.* 
Gastric, bronchial and other capillaries may be ruptured by the 
pressure of blood into them,* and hsematemesis, haematuria, 
etc., may occur. When the arterioles are sufficiently contracted 
to interfere with the circulation* the extremities and even the 
body may become very cold. Death may then occur by cardiac 
araest from three factors: 1st, owing to the pressure upon it 
of the blood-column;* 2d, excessive constriction of its arteries, 
including the coronaries, which, contraiy to prevailing teach¬ 
ings, are also supplied with vasomotor nerves;* Sd, arrest of 
the respiration by vasoconstrictor interference with the pro¬ 
gress of the blood to the pulmonary alveoli.* 

Swmls Vincent*" states that “the first effect noticeable in don is 
excitement. Thera is increased muscular activity which rnrmri into a 
stage of agitation with tremors.” The hmnaturla and the bleeding from 
the month and nostrils observed in various animals by the eame lavastl- 
getoi™ is, he writes, "probably toe rrwyashm of the high blood-preo 
sura, brought about by the extract" These p h enomena an evidently 
act of central origin, unee he aloo found tout destruction iff the spinal 
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Md far frog* did not prevent them. Pellaeanl,* - who wan the first to 
steidy the MBtootoA of adrenal extract in animals, found that each 
effects wore only produced by very large d os es, a fact subs e qu e ntly con* 
firmed In Swale Vincent.** 

Pellaoani observed congestion of the liver, spleen and kidneys, and 
other structures, and when death waa delayed, atrophy of these organs 
—a feet which indicates subsequent constriction of the arterioles and 
the resulting arrest of nutrition. The engorgement of all organs was 
also witnessed by Taramnsto,** Cybuleki,** ana others. 

Hultgren and Anderaeon** found that sufficient quantities of the 
extract caused death In the rabbit by provoking pulmonary oedema and 
sometimes hamorrhage. These authors and CybulskL ascribe death 
caused by adrenal extracts to this condition. Gourfetn"* attributed it 
to asphyxia. Abel - * and Abbott 10 both observed that epineplirin caused 
death by arresting the respiration. Indeed, Bwale Vincent-* found that 
the blood of one of his animals (dog) had become venous throughout 
the body. This illustrates the extent to which the oedematous lungs 
prevent aeration of the blood. On the other hand, f'ybiilski showed 
that artificial respiration kept the experimental animal alive, normal 
breathing being subsequently restored. 

Therapeutics.—As the uses of adrenal gland have been 
treated at length in the first volume (pages 748 to 768 inclusive), 
its main indications will only be mentioned here. Adrenal gland 
-is used in disorders due to a gouty "diathesis,” as hay-fever, and 
asthma —a result accounted for by its power to enhance metabo¬ 
lism and therefore catabolism of toxic wastes. In asthma due 
to low vascular tension, suprarenalin or epineplirin, 10 minims 
- of the 1:1000 solution in 1 dram of saline solution intra¬ 
muscularly, promptly arrests a paroxysm, by supplying the blood 
with more adrenoxidase, i.e., with oxygen.* 

The manifest influence adrenal gland has on nutrition also 
accounts for its beneficial action in adynamic disorders,* neuras¬ 
thenia and surgical ehock, for example. This applies also to 
cardiac disorders characterised by weakened systole or dilatation 
and their complications. 

Adrawl gland baa been found of value in neurasthenia by many 
obaervere, Ineluding Huchard, and, aa already stated, In shock, saline 
solution (1 in 00,000) being used as excipient. In cardiac disorders It 
has been recommended by several clinicians, including Mankowsky,*** 
Floersheim,** and Decks.** 1 Mankowsky specifies that the most useful 
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application of adrenal gland la In cardiac weakness and threatening 
collapse. Floeraheim found it effective where our usual remedies had 
failed. Deelu obtained not only marked improvement in cardiac weak¬ 
ness, but disappearance of attending oedema. Boy-Teiaslei*" obtained 
excellent results in cases of weak heart with general cyanosis and great 
cardiac dilatation. 


Addison’s disease, whether due to organic lesions of the 
adrenals themselves or of the nerves or ganglia through which 
they receive their impulses, is attended by lowered metabolism, 
hypothermia, and low blood-pressure. Adrenal gland is indicated 
in doses sufficient to raise both the latter and the temperature to 
normal and Iceep them so, i.e., 3 grains during meals. 

In this d is eas e , the vitality is so reduced that, as stated by Rolie- 
eton,*** the cases sometimes emit a cadaveric odor. Some clinicians, 
including Senator,* 1 * have noted no modification of the nitrogen output; 
some found -that it was increased; others that it was decreased. In 
literature, these results are recorded as discordant; but this is not war¬ 
ranted in the light of my views. They merely indicate that metabolism 
ia more impaired in some ca s es than in others, owing to greater destruc¬ 
tion of the adrenals or of their nerves, and that where no perceptible 
effect is obtained from adrenal extractives, it is because the supply is 
not adeq u at e, both as to quality and quantity, to restore the vital 
equilibrium—to compensate, in other words, for the loss of those organs 
wnieh sustain the vital process by supplying the tissues with « yyg »* »»- 
In an analysis of 97 eases reported In literature, by E. W. Adams,*** in 
which adrenal preparations were used, 7 cases were made worse; 48 
derived no real benefit; 31 showed marked improvement, and 16 were 
"permanently relieved.” The pigmentation waned In most of the eases 
improved. This affords a marked contrast with Lewis's 800 reported 
eases treated by other methods,*** of which 28 eases were improved and 
S cured. (Addison’s disease is treated in full in Chapter II.) 

In haemorrhagic disorders, the identity of adrenoxidase as 
the fibrin or coagulating ferment,* raiders adrenal extractives 
effective as haemostatics, whether applied externally or given 
internally. Hence its recognised value in epistaxis, hemopty¬ 
sis, htematemesis, intestinal hemorrhage, the dose of adrenalin 
chloride when given orally varying from 5 to 30 drops every 
three hours, according to the urgency of the case. Even the 
haemorrhages of hasmophilia can be promptly arrested by the 
local application of adrenal extractives. The internal use of 
thyroid gland, which actively stimulates the adrenal center and 
causes a marked increase of adrenoxidase,* masters the primary 
disorder itself. (See also Adrenal Opotherapy, vol. i, p. 750.) 
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ANTITOXINS. 

Smne sad Chemical Nature.—None of tlie prevailing 
theories of immimity explain the origin or mode of action of 
antitoxin. This is due to the fact that Ehrlich’s side-chain 
theory—-though extremely elucidative in many directions—has 
diverted the attention of pathologists from the true source of tlio 
constituents of this substance: the adrenals and other ductless 
glands.* 

As to the origin of antitoxin, Ritchie in an impartial review as 
president of the section of Pathology of the British Medical Associa¬ 
tion,*" said recently: “We must admit that at present we know of 
no definite facte which point to the place of origin of antitoxin;” and, 
moreover, referring to Ehrlich’s theory: “The view that the satura¬ 
tion of the side-chains of the cell [the tissue-cell] with toxin made them 
drop off with their burden of toxin always appeared to me to be hardly 
tenable. In view of the fact originally put forward by Ehrlich that tha 
reason for the affinity of toxin for the cell was probably to be found In 
the fact that the toxin closely resembled the normal food of the cell. 
It would be of little use to tne eell if a aide-chain should straightway 
drop off into the serum whenever a food particle became attached to it 
The whole view woe too theoretioal." 

The practical side of the question is aptly described by H. C. Wood, 
Sr. and Jr., in a recent edition of their text-book: 1 " "The mode 
of action of the antitoxin in infectious disease! has been the subject of 
a large amount of surmise and study, but while a number of intonat¬ 
ing theories have been suggested, notably that of Ehrlich, it must be 
confessed that we have no positive knowledge of the manner in which 
this substance acta in infectious dis e a se s.” 

Again, as stated by H. Gideon Wells,*" according to the aide-chain 
theory, “the antitoxin consists of cell receptors that have been produced 
in excess and secreted by the oeffa into the blood," referring to the tissue- 
cello. Ehrlich has failed to demonstrate this fact. On the other hand, 
considerable evidence la available, we have seen, to show that it 
b through the intermediary of the leucocytes that the bacteriolytic and 
antitoxic substances reach the blood. Alnley Walker,"* for Instance, 
writes: “A definite relation exists be t wee n the mass of the leucocytes 
added [to serum] and the degree of bactericidal power obtained 
(Bordet). Amin, a bactorSeSstTc pleural exudate has been made 
entirely inactive by (he removal of its leucocytes, active again on their 
replacement (Denys and Ha vet).” From this and other facte sub¬ 
mitted, the author concludes that “the addimentary ferment Is definitely 
associated with the leucocytes, and is not a ferment circulating freely 
in the Hood-plasma aa Ehrlich teaches.” 

Before Ehrlich Introduced his slde-ehain theory, and ever since, 
numerous Investigators have urged the Importance of the ductless glands 
and Internal secretions as important factors in the destruction of 
poisons. “Borne yean ago,” writes Charrin," 1 “the physiology of the 
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was singularly obscure. Tbs foresight of Brown-SSquard, tbs 
interesting rss—rches of Langlois, Abeloas, and those of Alhanssih Zueoo, 
ate., akin to our own, have Drought these structures within the group 
of organs endowe d with anti toxic functions. With Langlois, I ascer¬ 
tained that a given quantity of t h ese organs weakened the action of cer¬ 
tain clirsfcdda, especially nicotine.” Other organs are ref e rred to in 
the same sense. "As to the antitoxic functions,” writes Charrin, “one 
nay depend upon a series of viscera, first of all, the liver, the pituitary 
body, the adrenals, the pancreas, the kidneys, the spleen, eto.”^ 

The most recent writers speak in the same trend. While Ritchie, 
alluding to the side-chain theory in the address previously re f erred to, 
concludes that “we must keep an open mind for admitting that the 
cells pathogenteally affected by a toxin may not be the oells of origin 
of antitoxin,” Gruber and von Pirquet”* urge that the formation of 
antibodies, contrary to Ehrlich’s view, occurs in an entirely different 
place than the action of the toxins, and that they had the character 
of internal secretions. Sir A. E. Wright" also emphasised this kin¬ 
ship, though asserting that “their origin in the body was unknown,” 
by the statement, "all the protective substances which were involved In 
the cure of disease were to be regarded as produced by internal secre¬ 
tions,” urging that "if the laws by which such substances were produced 
were known, we could “call forth” their production. 

This is not Intended to Imply that the side-chain theory has con¬ 
tributed nothing to our knowledge; Ehrlich’s own labors In this con¬ 
nection and those of the many investigators who have taken up his 
views have done much to elucidate the relations between the various 
bodies which take part in the immunising process. Moreover, Ehrlich 
has himself forever set aside the errone o us view that antitoxin is noth¬ 
ing but transformed toxin, and placed on a solid foundation the fact 
that the protective bodies were products of cellular activity. What I 
claim is that the cells in general are not, as Ehrlich believes, the source 
of antitoxin, and that the substances of which it is compose d are the 
products of the organs referred to below. 


Antitoxin is blood-plasma containing adrenoxidase, nucleo- 
proteid and digestive triads (trypsin, etc.), and thyroiodase. It 
is produced in animals under the effects of injections of various 
toxins, as a result of the stimulating action of the latter upon 
the test-organ, and through it upon the adreno-thyroid center. 
The resulting excess of adrenoxidase excites, in turn, an over¬ 
production of pancreatic ferments and leucocytes, by increasing 
metabolic activity in the pancreas and leucocytogenic tissues. 
The thyroiodase is due to direct excitation of the thyroid. Anti¬ 
toxin is the homologue of auto-antitoxin formed in the blood 
under the influence of mercury, iodine, and other drugs.* 


Although, aa stated by Gideon Well*," the chemical nature of anti¬ 
toxins “Is as entirely unknown aa is the nature of the toxins,” the few 
facta available point to the pre sence of nil the constituents which eom- 
jjcno what. In the preceding articles, I have re fer re d to aa “auto-antl- 
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That antitoxin la blood-plasma unusually rich In Its normal 
I rniylitM constituents la suggested by various facta. A careful 
c h e mic a l study led ViqueraV* to the conclusion that, barring the pr e s 
enee of lactates In antitoxin and other sera, the Utter differed in no 
way Qualitatively from normal serum. F. Warren White— atudied the 
germicidal action of serum taken from healthy persons; from patients 
suffering from various diseases and from the body just before and after 
death. All showed marked bacteriolytic properties on the typhoid 
bacillus. Thin was completely destroyed, however, by heating the serum 
to OS* C. Thus, the blood-serum during health and disease is qualita¬ 
tively similar to antitoxin. Zn fact, as stated by B. Meade Bolton,— 
horses used for the production of diphtheria antitoxin, often “possess 
antitoxin normally in their blood." 

As to odwonouidoae, the principle increased is, of course, the 
adrenal secretion, to which Auid and others refer as "a colloid." Gideon 
Wells,— alluding to antitoxins, remarks: “In any event they behave as 
colloids"—a fact which suggests that in keeping with the evidence pre¬ 
viously submitted, the plasma and red corpuscles are co r re s pondingly 
richer in oxyhwmoglobin. Again, we have seen that adrenoxidaae is a 
globulin. William H. Park, of the New York Health Department,- 
refers to the fact that "recent investigations have connected antitoxins 
and globulin* so closely” that “we may consider it a probability that 
the antitoxins are globulins or globulin-like substances:" he was led 
experimentally to t-infirm this fact. 1 have pointed out, furthermore, 
that the adrenal principle is the general catalytic of the organism and 
the "ferment of ferments." Now, Ehrlich has shown that a given quan¬ 
tity of antitoxin will not only neutralise a fixed quantity, say 100 lethal 
doses of toxin, but that it will keep on neutralising until very large 
quantities are rendered harmless. Bashford— also observed that "the 
poisonous action of the lethal dose of toxin may be abolished within 
the time limit by the addition of a very small quantity of antitoxin." 
This, of course, is due to the presence of a ferment—trypsin, perhaps; 
but this in Itself proves the presence of the adrenal active principle, 
since it is to this principle that every trypsin owes Its activity as such, 
while we have seen that, as stated by Moore,— "ferment actions” are 
"catalytic reactions." 

Finally, it becomes a question whether toxins (by stimulating the 
test-organ and through it the adreno-thyroid center) can provoke an 
increase of this globulin, as they do of adrenoxidaae. This is well shown 
in the following lines by W. H. Park:— “Horse numbered 137 when 
first obtained contained 3.2 per cent, globulin and 3 units of antitoxin 
in each o.c. It is of some interest to note that this is the largest 
amount of normal antitoxin ever noted by us in an untreated horse. 
Thru months later, after repeated injection* of facia, the globulin, as 
tested by Mr. Atkinson, was 8.2 per cent., and the antitoxin 1200 units 
per m. Three weeks later toxin Injections having been omitted, tlis 
globulin was 8.0 per cent, and the antitoxin 080 units per m. Still 
ten days later the globulin was 4.7 and the antitoxin 400 units." The 
importance of adrenoxidaae in the process now asserts itself. “As inves¬ 
tigations progressed," writes Parle,— “it has become more and more 
evident that the antitoxic substances in the blood are closely combined 
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• few days Iran the time of bleeding.” I hove 
to the presence of the phosphorus-lnden nuclein, 4 
M reducing substance”) which promptly takes n 
blood. As to pro tel ds, Wells*** ooncludee, that 
evidence indicates a closer r es em blance of an tit 


with the globulins of the blood, and that whatever precipitates them 
precipitates the antitoxin also. In fact, without globulin there appeus 
to be no antitoxin, and wherever antitoxin exists, globulin does att. 

Antitoxin contains nucleoproteid besides nuclein. As to nuclein, 
Prrnt-g* » and Wellmann*** found that it was present in anti toxin as 
well as in boree-serum, as nucleo-albumin. E. W. Walker - * noted that 
"the bacteriolytic power of a fresh serum [antitoxin] rapidly diminishes 
both In the Immune end normal eera» and oeaaee to be recognised within 
• few days Iran the time of bleeding^’ I have shown that this is dim 
to the presence of the phoephorue-laden nuclein, to, tire body (Plipfi 
"reducing substance”) which promptly takes up the oxygen in shed 
blood. Ae to proteide, Wells*** ooncludee, that "taken altogether, the 
evidence indicates a closer res em blance of antitoxins to proteide than 
has ben shown for the toxins, and all attempts to separate antitoxins 
from proteide have so far failed.” Aa drown below (Park and Throne) 
these oodles, nuclein and proteld, can be isolated Iran antitoxin as 
nuoleo-proteid. 

The various hydrolytic triad*, including trvpeln, secreted in the 

K * «ma by leucocytes, represent, from my standpoint, we have sen, 
rlioh'a "complement” or "addlment,” which Ehrlich and Morgen- 
roth" define ae "the unstable (labile) ferment-like body which effects 
the solution of the blood-cells,” to, hamoiysle. These Investigators 
state that a serum described by Bordet and their own, derived from 
goats, "lost its hemolytic power when heated for half an hour to 06° C.” 
This they state has been shown by Buchner to be true of nil normal 
hemolytic sera. Whether the temperature be 00* or 05° ie evidently 
immaterial, for Wassermann, alluding to Ehrlich and Morgenroth, nays 
that they made hemolytic serum "inactive by heating to 00* C., so that,” 
he adds, "it contained only the substance eenaibllieatrlea.” Having 
shown" that this latter substance is adrenoxidaee plus thyroldase, it 
ie evident that the trypsin alone was destroyed. Now, since as shown 
above, blood-serum and antitoxin are similar qualitatively, if antitoxin 
also contains the ferment, it should likewise be destroyed at this tem¬ 
perature. Welle" writes, "If we heat bactericidal serum made try 
immunising an animal agsinst bacteria. Bay the cholera vibrio, at 00* 
for fifteen minutes, it will be found to have destroyed the power of 
destroying these organisms.'' We have seen, moreover, under "adrenoxl- 
dace” that antitoxin, aa noted by Ehrlich and Bashford, acta as a fer¬ 
ment. The formation of thyroiodaae (opaonin) wee descr i bed in the pre¬ 
ceding chapter. 

Although the various germicidal and antitoxic constituents 
of the blood are inelnded in antitoxin, they are not all required 
to produce its beneficial effects. The latter are due to the 
large proportion of adrenoxidaee that antitoxin contains.* 

It was in the course of experiments to prevent the untoward effeota 
sometimes produced by Injections of antitoxin: eruptions, hemolysis, 
etc., that William H. Park, of New York, observed toe fact, mentioned 
above, that "without globulin there appears to be no antitoxin,” and 
"that wherever antitoxin exists globulin does also.” Inasmuch as ad- 
icnoxidaee la the only globulin among the constituents of antitoxin. 
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that It is to adrenoxidaae tint wo must ascribe the curative 
sotltoxin. That such is tho case is shown in another way. 
Wo harpoon that the power of normal serum to destroy the red cor- 
Ppseloo oPwst^lier ‘animal (hmsolysis), i.e., Its digestive power, and 
also that of bacftrleldal serum derived from an immunised animal—and, 
therefore, antitoxi n ' w ere destroyed when these sera were heated from 
fifteen to thirty minutes at 55* C. An important feature of these 
experiments, however, is that they were conducted in vitro, and that as 
far as the antitoxin is oeacerned, heating to 55* C. does not destroy 
its germicidal and antitoxin effect when injected into the living body. 
This was shown In the course of experiments hy Atkinson.”* He found 
that when a solution of globulin (precipitated from antitoxia serum as 
well as ordinary serum oy magnesium sulphate) was saturated with 
sodium chloride and then gradually heated to 72” C., precipitates were 
formed which, in the various antitoxins, remained antitome. Now, as 
56* C. destroys the digestive triads (complement), and even thyroldase 
(opsonin), which is destroyed at from 60* to 65* C., there was nothing 
left in the precipitate as active agent but adrenoxidaae, which, we have 
seen, resists all temperatures up to 100* C., and even that several hours. 

Fhysiologioal Action.—The various antitoxins, when ad* 
ministered subcutaneously during health or disease, increase the 
bacteriolytic and antitoxic properties of the blood by augment* 
ing, in proportion, with the quantity administered, its content 
in auto-antitoxin, the homologue of all antitoxins.* As is 
the case when thyroid extract or adrenal extractives, adrenalin, 
epinephrin, etc., are used, metabolism is increased,* sufficiently 
so in some instances, to produce fever, leucocytosis, rheumatic 
pains due to accumulation of wastes, and even renal disorders. 


There ia ample evidence to the effect that antitoxin Injections 
increase metabolism, while the febrile phenomena point directly to the 
presence of an excess of adrenoxldase in the blood. A few Illustrations 
will emphasise these facts. 

Coldefy,* 1 * for example, out of 400 eases in which antidlphtherltic 
serum was injected as a prophylactic measure, observed six in which 
there was pyrexia, which appeared and disappeared rapidly. In eight, 
the pyrexia lasted a short time, while in a tuberculous patient it was 
very marked, and lasted several days. Holies ton*™ states that muscular 
and joint pains occurred in 10.24 per cent, and pyrexia In 15.01 per 
cent, of 600 cases treated in the Metropolitan Asylums. He states, 
moreover—thus unconsciously contributing testimony to the curative 
value of thi enhanced metabolism—that in the 600 eases treated In the 
Metropolitan Asylums upon which his conclusions are based, that as a 
general rule, the more marked the antitoxin reaction, the better the 
prognosis. Mongour”* found that the excretion of nitrogen wastes was 
increased, and also that the chances of recovery were greater whan the 
urea output was marked. 

J. siring** observed that antitoxin caused an increase of multi- 
nuclear leucocytes within thirty minutes. In severe cases hyperleuoo- 
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qrtoiii and ftm ooour. Kneharaawakl™ alio found that ~~ 1 —t- dona 
of diphtheria, tetanne, or aatietraptoeoooue serum prodocod a 
optoalii lasting several dan. . ^ 

The albuminuria, following the use of antitoxin, |a,<2unetimae 
aaerlbed to the lU a a aaa , but Adas/** having examined JUSsurine In SS 
eases before .using antitoxin, fpund albuminuria in only one instance, 
while in all It appeared at oaee after the injection. This symptom waa 
observed to follow injections of antitoxin la 42.fi per cent, of the cases by 
Bokal,*** in 64 per emit, by Forth,™ and 72 per cent, by Boll* 
m a nn ,™ and 64.8 per cent, by SchrOder.™ In animals Visamann™ 
ascertained that d oses In the relative strength given to children canned 
nephritis. 

Untoward Effects.—The morbid phenomena that follow 
large therapeutic doses of diphtheria antitoxin are as follows; 
fever, due to increased metabolic activity,* attended, if meta¬ 
bolism becomes excessive,* with diminution of the red cor¬ 
puscles, sometimes to 3,000,000, and albuminuria. When 
metabolism is excessive, it causes, owing to involvement of the 
vascular walls, correspondingly marked vasoconstriction* and 
the arterioles of the pituitary body and heart, among others, 
being almost closed, the functions of these organs are inhibited,* 
giving rise to faintness, coldness with feeble and irregular car¬ 
diac action. In rare cases, death occurs. When constriction 
of the peripheral arterioles persists there occurs, after a few 
days, accumulation of waste products of various kinds* in 
the cutaneous tissues, and eruptions, especially urticaria and 
erythema, may appear, along with increased nitrogen and 
phosphoric add secretion and albumin. ' This may last several 
days and be attended with oedema, bloody diarrheas, acute joint 
pains, myalgias and neuralgia due to intense congestion of the 
various structures involved.* The inordinate consumption of 
chromatic elements in the nervous elements attending this ex¬ 
cessive metabolism,* may give rise to paresis or paralysis of 
muscles in different regions, especially those of the palate. 

Thus morbid symptoms are familiar to all practitioners. They 
®byi°u«ly_ cohwpond with thorn of the agents prevTouely reviewed ana 
indicate farther the similarity of their action. The capillary en gor ge- 
meat also affects the internal organa. Thua Koaeorotoff— found* that 
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h^|| iblt% injeetloas of antitoxin caused a marked h ypaiuai ia of the 
limMdd^i and spleen, and marked le u ooqy to aia. As instance of 
axseeslvltooastrlotlon of the arteriolee 1 may mention a ease r ep orted 
by J. P. mfr |h.— in which 1600 units caused In 10 minutes intense 
dyspnoea, qjuHsud a comatose state, during which the patient, a 
w om an of 38 years, was practically blind and complained of general 
numbness. This was followed by severe itching and “stinging rush," 
due here to secondary overdilation of the arterioles and hype ram la of 
the sldn and its sensory nerve endings. The vasoconstrictor action may 
occur immediately. Thus S. XL Hough ton** observed an instance in a 
pregnant woman, to whom another practitioner administered a protec¬ 
tive injection. “At once she felt faint and very cold, but after a few 
moments rallied and went borne.” Her 8-months fetus, which had 
shown vigorous movements until then, no longer gave evidence of life 
and was macerated when born two weeks later. Holleston*" states that 
the eruptions, the principal varietiea of which are: the scarlatinlform, 
the urticarial and the clrcinate erythematous, depend directly upon the 
sise of the dose. 

When an antitoxin divested by heat or other physico¬ 
chemical procedures of its trypsin (complement) is employed, 
the digestive activity of the blood’s auto-antitoxin is not re¬ 
duced, since it is adrenoxidase (the specific immune body) which 
endows all ferments with their power aa such.* The profer¬ 
ment fibrinogen is in reality alone destroyed in the antitoxin ;* 
and, aa it confers on the ferment merely its specific character 
(proteolysis), its absence does not affect the result, as consider¬ 
able trypsin, and therefore trypsi nogen, is available in the 
blood.* This proves, however, that adrenoxidase is the active 
agent in all antitoxins .* 

R. B. Gibson, - * in reference to the antitoxin submitted to tem¬ 
peratures which destnired their ferment or complement, states that 
“Park studied the possibility of eliminating serum rashes by treating a 
considerable number of eases with an antitoxic globulin prepared by 
Atkinson. Rashes were still produced.” Recently Park and Throne -1 
reported a series of eases in which antitoxin from “the nuoleo-proteidM 
and insoluble globulins present In the Atkinson preparation were 
eliminated.” They obtained somewhat better results (due probably to 
the loss of 30 per cent, of nnlts daring the process), but found that 
“the antitoxic effect was identical with that of the whole serum.” Tn 
feet, they “eould not detect the slightest evidence that any desirable 
substance In the antitoxic serum is lost by the refining p r o c ess.” Thus, 
the elimination of nncleo-pvoteid does not affect the action of the globu¬ 
lin antitoxin any more than the destruction of the trypsin by heat. It 
Is evident, therefore, that the active body in antitoxin b the only remain¬ 
ing one, adrenoxidase. 
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OHAPTEB XIX. 


THE INTERNAL SECRETIONS IN THEIR RELATIONS 
TO PHA RMACODYNAMICS (Continued). 

THE SYMPATHETIC CONSTRICTORS AND THE CRANIAL 
STRICip-DILATOBJB IN ORGANIC FUNCTION: 

" We have seen In the sixteenth chapter that the sympa¬ 
thetic system is autonomous as a functional entity, and that 
its governing center is located in the posterior pituitary, with 
the centers of motor nerves. 

According to prevailing teachings, the sympathetic carries 
on several different functions. In a succinct review of the sub¬ 
ject, W. S. Hall 1 -states, for example, that the "more important 
functions" of the sympathetic system are the following: 
"(a) tardioacceleration and cardioauymeitJaftoft through the 
branches from the cervical ganglia. (6) Secretory impulses to 
the salivary glands, the stomach, the pancreas, the liver, the 
(mall intestine, the large intestine, the kidneys, (c) Vasomotor 
impulses, both constrictor and dilator , to all arteries and arte¬ 
rioles. (d) Motor impulses to the muscular coats of the Stom¬ 
ach and intestines, causing peristalsis and controlling the 
pylorus and the cardia of the stomach, (e) Motor impulses 
to the muscularis mucosa of the alimentary canal, causing move¬ 
ments of the mucosa." 

Another function ascribed by physiologists to the sympa¬ 
thetic, is that of inhibition. In the heagf;, as is well known, 
tfiis is believed to be the physiological function which counter¬ 
acts cardiac acceleration; in the intestine it is thought by 
some to oppose peristalsis; it is also believed by many to 
inhibit the contraction of certain vessels, etc. As this inhibi¬ 
tion is produced by stimulating the sympathetic nerves dis¬ 
tributed to these various organs, we are brought to the con¬ 
clusion, in view of the fact that a sympathetic nerve can awaken 
function by causing vasodilation, that it can also inhibit that 
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function by causing vasocontriction, or, in other words^Aat a 
sympathetic nerve can inhibit its own functions. 

That the whole Bcheme of sympathetic tjwfitfon, as now 
interpreted, is defective, appears to me very ^Vulent. Howell 3 
rightly states that “few subjects in physiology are of more 
practical importance to the physician than that of vasomotor 
regulation; it plays such a large and constant part in the nor¬ 
mal activity of the various organs.*** So great is this impor¬ 
tance,' in fact, that it is mainly because the whole question of 
vasomotor function has been obscured by the problematic rdles 
ascribed to it by physiologists, that the physiological action of 
drugs, und what Virchow has termed “physiologic pathology” 
have remained so obscure. 

In the sixteenth chapter, I pointed out that the bulbar vaso¬ 
constrictor center was independent of sympathetic vasocon¬ 
strictor functions, and that it acted only as intermediary for 
the transmission of sympathetic impulses down the cord. The 
source of these impulses was shown to be the pituitary body, 
stimulation of which, as then shown, caused typical sympathetic 
vasoconstriction in the periphery and a marked general rise of 
the blood-pressure, owing to the resistance of the constricted 
arterioles to the general circulation. These and other facts 
led me to the conclusion that the neural or posterior lobe of the 
pituitary body was the seat of the sympathetic center. Return¬ 
ing to the confusing functions referred to above, it will now 
become evident that they are all experimental myths, and that 
the one function which the sympathetic fulfills—the only one 
fully sustained by experimental evidence—is that of a vasocon¬ 
strictor of all the small arteries or arterioles. 

Inhibition, in the accepted sense, t.e., a restraint of func¬ 
tional activity, has already imposed itself upon us in the pre¬ 
ceding chapter, where we saw certain toxins and drugs cause 
excessive constriction of the vessels of the pituitary body and 
heart. That such vasoconstriction, whether produced by the 
latter or by too strong a current, must correspondingly reduce 
the caliber of a vessel ancl reduce the volume of blood passing 
through it is obvious. We have seen that, as shown by Brown- 
S6quard and Porter, the caliber of the coronaries can be 
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widely reduced by* stimulating Hie regal vasomotor nerves, 
thenfem of which 1* traced to -the vasomotor center. Physi- 
ologicalmg^xKika, notwithstanding the evidence submitted by 
the above-narabd investigators and myself, still teach that the 
coronaries are deprited of vasomotor nerves; the plate repro¬ 
duced herewith mus$ convince them of their error, since it is a 
microphotograph of coronaries showing unmistakably the 
presence of these nerves, published over twelve years ago by 
Heymans and Demoor. 4 

The manner in which the heart is influenced plainly shows 
that inhibition is due merely to deficiency of blood in the myo¬ 
cardium. Hill 4 states that moderate stimulation of the vagus 
(which contains the vasomotor fibers) may reduce the output 
of blood from the heart 30 to 50 per cent. E. Weber 4 observed 
that during partial inhibition the cardiac contractions were 
weakened. SchifT found that the muscular elements of the 
entire organ responded less or not at ail to stimuli. Frangois- 
Franck, Fischel 4 and others observed that the cardiac walls 
were softer than usual. Gaskell* characterizes as "most strik¬ 
ing” the attending depression of activity. 

Can we regard as a physiological or normal function a pro¬ 
cess which entails paralysis of the heart? In the preceding 
chapter we found that toxic doses of certain drugB could pro¬ 
duce a similar effect—rdrugs which, in excessive doses, were 
capable of so violently stimulating the vasomotor center, that 
the caliber of the coronaries became sufficiently narrowed to 
reduce the quantity of blood in the cardiac muscle below the 
physiological limit, which means enough contractile power to 
project the blood into the lungs. * That inhibition here is a 
process brought on artificially in the laboratory, or morbidly by 
a poison, seems plain. 

This shows that excessive constriction of even largt 
arteries (for the coronaries are large vessels, when compared 
to those supplied by sympathetic nerves) can arrest function. 
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Hay we not expect that the "small arteries and arteriole^lT 
the body/ 1 in view of their diminutive caliber, will h^rom- 
stricted even more readily—sufficiently, in fact^^luuterate 
their lumen and arrest function? ** 

That such is the case may be shown by the following evi¬ 
dence, which has been thought to prove the existence of “inhibi¬ 
tory” sympathetic fibers:— 

"Section of the sympathetic paralyzes the muscles of the 
vessels which are located in the field of distribution of the great 
sympathetic,” writes Morat, x0 "and its stimulation causes them 
to contract. 3 * This conclusion is based on another classical 
experiment by Claude Bernard, outlined by the same author, 
as follows: "Having cut the sympathetic in the neck of a 
rabbit, he observed that the temperature of the whole of the 
corresponding side of the head, especially of the ear, was 
remarkably raised. On making the counter-experiment by 
stimulating the superior end, he observed that the temperature 
fell below the original temperature, as Brown-S6quard had 
observed almost contemporaneously.” The rise of temperature 
was, of course, due to the entrance of additional blood in the 
capillaries supplied by vessels innervated by the cut sympa¬ 
thetic, while conversely, stimulation of the upper end of the 
latter caused cohstriction of the same vessels, exsanguination 
of the same area and hypothermia. In other words, this illus¬ 
trates the one function which the sympathetic carries on, but 
in the small vessels and arterioles only. 

How "inhibition” can be provoked in these vessels will 
now appear. Morat 11 writes: "Dastre and Morat showed, in 
1881, that stimulation of the great cervical sympathetic causes, 
in addition to the oculo-pupillaxy effects [described below], and 
of the constriction of the vessels of localities which are habit¬ 
ually obvious, like the ear, dilatation of those of neighboring 
regions , the upper and lower lip, the palatine arch, and this 
very clearly in the dog. Hence Hie sympathetic contains inhi¬ 
bitory vascular nerves.” Interpreted from my standpoint, 
however, this does not indicate the presence of such nerves. 
Thus, Morat publishes the colored engraving reproduced below, 
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jrhioh the effects of stimulation of the sympathetic are 
deaNwillustrated. Dilation of the pupil and exophthalmos 
are planfi|L|hown. but the salient features are the pallor of one 
side of theteffgue and ear, as contrasted with the congestion of 
the lips, gums and palatine arch of the corresponding side. 
Now, Morat ascribes the localised pallor to vasoconstriction— 
which is undoubtedly true; the congestion, however, he attrib¬ 
utes to inhibition of this vascular constriction, the sympathetic 



(men or STimn^noir or thi Cbbvicai. Stmpatkbtic. litoral). 

being supposed to send vasodilator fibers to the vessels of the 
corresponding area. The nerve is thus regarded as acting 
simultaneously as constrictor and dilator, though in different 
areas. From my standpoint, a simpler and more logical 
explanation asserts itself, cm., the arterioles of the pale area 
being alone supplied by the cervical sympathetic, they contract 
when the latter is stimulated; these small vessels being mark¬ 
edly constricted as shown by the pallor, the circulation through 
them is blocked and the blood accumulates in the other ves¬ 
sels—those of the congested area. That the vessels of one side 
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only should be effected Is obviously due to the feet that eyfi 
side has its own arterial supply derived from the corresp^Bmg 
carotid. 

As to the supposed vasodilator properties «i sympathetic 
nerves, Langley, 11 who, by'the way, referring to the presence of 
such vasodilators, thinks it “premature to regard the question 
as settled,” writes: “The strongest evidence for the presence 
of vasodilator fibers in the sciatic is that afforded by the series 
of well-known experiments initiated by Golts, 11 on the effect 
of stimulating the sciatic nerve some two to four dayB after 
cutting it. The thermometric method, the plethysmographic 
method, and direct observation have given similar results, 
namely, that the vasoconstrictor action becomes less as time 
goes on, apd that in the last day or two, before irritability com¬ 
pletely disappears, the vascular dilatation is out of proportion 
to the preliminary contraction, or occutb without any contrac¬ 
tion at all.” But vasodilator sympathetic fibers are not needed 
to explain this phenomenon when we take into account the 
structural difference between motor and sympathetic nerves. 
The latter being relatively veiy thin, they are the first to degen¬ 
erate and are soon unable to cause vasoconstriction. The motor 
ne;ve, being much larger, preserves its activity longer, and its 
function being, as a motor nerve, to cause stricto-dttaiion, this 
phenomenon may be produced after sympathetic has ceased to 
functionate. As everywhere else, the sympathetic acts as vaso¬ 
constrictor, while the motor nerve acts as vasodilator. Lang¬ 
ley 14 concludes a comprehensive study of the subject by the 
statement that there is “no satisfactory evidence that the sym¬ 
pathetic sends vasodilator fibers to-the skeletal muscles”—nor 
anywhere else, I would add. 

Another supposed proof that the sympathetic can act as 
inhibitory nerve (of a function in this connection) is that of 
producing intense secretion of the sebaceous, lachrymal and 
Meibomian glands by dividing the nerve in the neck. But 
relaxation of the arterioles, and the consequent engorgement 
of the glandular elements, will produce this identical effect— 
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wlktout in the lout pointing to the presence at sympathetic 
or "vasodilator” nervea. 

T^vgdicatM that "inhibition** is not a function at all, 
and that what^haa been regarded as such is but an experimental 
phenomenon, and that the sympathetic has no "dilator** func¬ 
tions. 

Ttfe "secretory** function of the sympathetic is poised on 
an equally weak foundation. Morat 1 * writes: "In 1880, Luch- 
singer observed that stimulation of the cervical cord causes an 
abundant secretion of the sudoriparous glands in certain regions 
of the face (groin [snout] in the pig, mussle in the ox), just 
as that of the dorso-lumbar sympathetic causes secretion of the 
glands of the hindlimb in the cat and dog. Csermak had 
already observed that stimulation of the cervical cord reacts 
on the submaxillary gland, causing a very thick saliva to flow 
from it; in both cases the motor or secretory nerves of the 
glands are put in action, this being another species of nervous 
action which may be added to the preceding.** Again, "Cl. 
Bernard, in investigating the effects of the section of the cer¬ 
vical cord in the horse, had observed that the corresponding 
side of the face and neck was covered with sweat. But this 
phenomenon was then interpreted,** remarks the author, “as 
being dependent on the vascular paralysis which follows this 
secretion. It is probable that it means something further, 
namely, the cessation of an inhibitory influence conveyed by the 
great sympathetic to the sweat-glands.** 

The supposed inhibitory influence of the sympathetic hav¬ 
ing proven to be an artificial phenomenon, as just shown, the 
opinion of Claude Bernard, that the sweating following division 
of the sympathetic was due to paralysis of the vessels, i.s., to 
their passive relaxation, stands. Bernard’s conclusion is not 
only sustained by my views, but it affords, moreover, the due 
to secretory phenomena observed when the central end of the 
cut nerve is stimulated. Indeed, the fluid secreted differs from 
true saliva both in physical properties and quantity secreted. 
It is far more viscid, and, as shown by Heidenhain, the quantity 
secreted, both in dogs and rabbits, fa very limited. "Unless 
the gland been secreting under the influence of the cranial 
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nerve [the chorda tympani], before stimulation of the sympa¬ 
thetic,” writes Inngley, 1 * "this stimulation causes secgptuxn of 
a few drops only, or it may be much less. Thus > ia the dog, 
stimulation of the sympathetic for a minute wiiPordinarily pro¬ 
duce two or three drops from the submaxillary gland, and per¬ 
haps half a drop from the sublingual.” To call this a "secre¬ 
tion” requires, to say the least, considerable good-will, espe¬ 
cially in view of the fact that if the sympathetic fibers are 
regarded as the vasoconstrictors of the glandular vessels, con¬ 
striction of the latter by stimulating the cervical sympathetic 
suffices to cause the forcible projection, into the gland, of an 
excess of blood sufficient to account for the "saliva” secreted— 
a few drops of a serum-like fluid. In fact, if the vessels are 
allowed to relax and to fill again, the secreting process may 
be renewed at corresponding intervals. Thus, Langley writes: 
"The maximum total amount of saliva is obtained by stimulat¬ 
ing the sympathetic for short periods, with short intervals of 
rest. Stimulated in this way—say, during every half-minute— 
the sympathetic will give from the submaxillary gland of the 
dog one-thirtieth to one-sixtieth of the quantity of saliva that 
would bo obtained by similar stimulation of the chorda tym- 
pani.” 

Here, again, we are certainly not dealing with a secretory 
function, but with an artificial process. And this applies as 
well to Luchsinger’s observation upon the snout of swine and 
the muzzle of oxen. By stimulating the cervical sympathetic, 
he caused excessive constriction of the smaller arteries and 
arterioles supplied by this nerve, and caused them to increase 
momentarily the work of the sudoriferous glands of the regions 
mentioned. 

A brief review of the three main organs, the stomach, 
intestine and heart, in which the sympathetic is supposed to 
produce "inhibition” or carry on “secretory** or “motor** func¬ 
tions, will also show their true identity. 

Secretory functions are ascribed to the sympathetic supply 
of the stomach by some investigators, in addition to those so 
conclusively shown by Pawlow to belong to the vagus. But 
Fremont 1 * found that when the stomach was solely supplied 
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bj this nerve, ml, when both vagi had been divided, the secre¬ 
tion obtained was neutral and mucoid, and that it differed 
totally from the active gastric juice obtained when the vagi 
were whole, a fact which coincides with the experimental phe¬ 
nomena witnessed in the submaxillary gland. Pawlow f * showed 
that division of the splanchnic nerve did not influence the 
character of the gastric secretion, thus indirectly sustaining 
Fremont's conclusion. Contejean** ascertained that in frogs, 
the sympathetic had but little influence upon the secretion. A 
similar conclusion was reached by Onuf and Collins** after 
experiments in cats. Nor are the movements of the stomach 
even governed by this nerve. Schiff taught that motor fibers 
were supplied by the sympathetic, and Morat "observed one 
case in which the rhythmical contractions of the stomach 
(and intestines) were augmented on stimulation of the splanch- 
nics.” 11 As a rule, however, he found that "excitation of 
these nerves caused diminution of the tonus as well as of the 
rhythmic contractions of the stomach.” Starling** points to 
the trend of modem thought in this connection, when he says: 
"All observers, however, agree in describing the vagus as a 
motor nerve for the stomach.” 

It is clear, therefore, that the sympathetic is not the secre¬ 
tory nerve of the stomach, nor the motor nerve of its walls, and 
that the only nerve concerned with these functions is the vagus. 
On the other hand, the diminution of the tonus points clearly 
to excessive vasoconstriction—to the vasoconstrictor rdle 
of the sympathetic. 

Concerning the vasomotor innervation of the inleotino, 
Langley** states that "nothing is yet known as to the nerve-cell 
connection of the cranial nerve-fibers to the gut,” and, refer¬ 
ring specifically to the sympathetic, the cranial and the sacral 
autonomic systems, says: "The relation of the enteric nervous 
system to those just mentioned is at present only a matter of 
guesswork.” This state of things is plainly due to the mis¬ 
leading influence of excessive experimental vasoconstriction. 
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The innervation of the- intestine may be uud to correspond- with 
that of the stomach. Kaiser, M Ludwig; Ogata"* and- others 
have shown that the digestive process may proceed in. the 
.absence of the stomach. Now, Howell,” voicing the prevailing 
opinion, states that the fibers received from the- sympathetic 
"give mainly an inhibitory effect when stimulated, although 
some motor fibers may apparently take* this path." As "inhi¬ 
bition" means, in the light of foregoing facts, hyperconstric¬ 
tion of the arterioles, Howell's statement proves that the sym¬ 
pathetic supplies vasoconstrictor fibers to the intestine. In¬ 
deed, several investigators, including Bets, van Braam-Houck- 
geest," Mall” and Starling,** found that wwommio. "inhibited" 
all the movements of the intestines. Experimental diminution 
of blood in the intestinal vessels produces a corresponding 
effect. Thus, Starling states that if the aorta in the chest be 
obstructed, "there is a gradual diminution of intestinal tonus." 
...... "If now," adds this physiologist, "the blood be let in, 

the intestines contract immediately once or twice, then pause, 
and then recommence their rhythmic movements." This 
clearly shows that inhibition is due here, as elsewhere, to a 
deficiency of blood, whether the supply be reduced by exces¬ 
sive constriction of the intrinsic vessels or by obstruction of 
the afferent blood-stream at a remote spot. 

While the sympathetic thus clearly asserts itself as the 
vasomotor nerve of the intestine, the true motor nerve of the 
intestine is as evidently the vagus: "The small intestine and 
the greater part of the large intestine," writes Howell,” 
"receive visceromotor nerve fibers from the vagi and the sym¬ 
pathetic chain. The former , according to most observers, when 
artificially stimulated, cause movements of the intestine, and 
ore therefore regarded as the motor fibers." 

All this does not mean that either the stomach or intes¬ 
tine are totally dependent upon their connections with the 
central nervous system either for their secretory or motor func¬ 
tions. Considerable testimony is available to show that they 
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du autamomotly secrete end undergo peristeltio mdTiiumt^ 
In virtue solely of their inherent irritsbility. Adrenoxidese 
Is en important factor in this connection, since, as we hare 
seen, the irritsbility of all cellular elements is governed by the 
activity of the interchanges of which they are the seat. 

As to the heart , we have already seen that its coronaries 
are supplied with true vasomotor nerves, and 1 referred at the 
time to the fact thfet the large vessels differed from the smaller 
as to the source of the vasoconstrictor libers, the sympathetic 
being an autonomous system. Indeed, the sympathetic gives 
rise to its own characteristic phenomena when, from any cause, 
it produces vasoconstriction of the terminal arterioles which 
it supplies. “It has long been known/* write Brodie and Bus¬ 
sell/* “that slowing of the heart or arrest of the heart can be 
brought about refiexly by excitation of almost any afferent 
nerve of the body if the stimulus be sufficiently great.** Par¬ 
ticularly sensitive in this connection are the abdominal viscera, 
especially, according to Tarchanoff** and Frangois-Frunck,** 
when these organs are inflamed. Golta* 4 found that tapping 
of a frog’s intestines or stomach readily inhibited the heart. 
We have in the pugilistic “solar plexus’* blow a familiar cause 
of reflex inhibition—not any more a physiological process than 
the supposed controlling influence of the vagus on the heart. 
The manner in which the sympathetic vasomotor terminals pro¬ 
duce this reflex inhibition is suggested by the fact that Newell 
Martin** “found that stimulation of the vagus causes dilatation 
of the small arteries on the surface of the heart as seen through 
the hand lens.** “Moreover,** writes Howell** in this connec¬ 
tion, “when the heart is exposed and artificial respiration is 
stopped, the arteries may be seen to dilate before the asphyxia 
c»uses any general rise of arterial pressure.** These results 
are-readily. accounted for when it is borne in mind that the 
sympathetic fibers are distributed only to the terminal arter¬ 
ioles. The two exciting agents (toxic wastes due to hypo- 
catabolism when artificial respiration ceased, as to the second 
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cause), by causing constriction of these terminal vessels, 
obstruct their blood-stream, and cause the latter to expand the 
▼easels behind the seat of obstruction. 

This brings us to the specific functions of the sympathetic 
terminals. Howell," in his review of the tonic activity of vaso¬ 
motor nerves, says: “Normally, the arteries— that is, the arte¬ 
rioles —are kept in a condition of tone by impulses received 
through the vasoconstrictor fibers.” He evidently means 
sympathetic fibers, for all the examples he cites refer to stimu¬ 
lation of sympathetic nerves. Moreover, Hall, in accord with 
all other physiologists, states that the smaller arteries and 
arterioles are supplied with sympathetic vasoconstrictor fibers. 
Now, Howell writes: “When vasoconstrictor fibers are stimu¬ 
lated there is a rise of blood-pressure in the artery supplying the 
organ and a fall of pressure in the veins emerging from the 
organ. This result is what we should expect if the constriction 
takes place in the region of the arterioles.” This clearly iden¬ 
tifies tiie sympathetic with the function of the organ, and sug¬ 
gests that it influences in some way the volume of blood ad¬ 
mitted into it. 

The need of such a regulative factor almost imposes itself 
in view of the following additional statements by Howell: “The 
capillary region, including the smallest arterioles and veins, 
offers a great resistance to the flow of blood, and this resistance 
is spoken of as the peripheral resistance. lie effect is to raise 
the pressure on the arterial side and lower it on the venous 
side. When other conditions in the circulation remain con¬ 
stant it is found that an increase in peripheral resistance, 
caused usually by a constriction of the arterioles, is followed 
by a rise of arterial pressures and a fall of venous pressures. 
On the contrary, a dilatation of the arterioles in any organ is 
followed by a fall of pressure in its artery or arteries and a rise 
of pressure in its veins.” This quotation repeats, in a measure, 
the contents of the foregoing paragraph. If, however, the two 
are carefully compared, a salient feature will assort itself, 
namely, «f is the sympathetic fibers supplied to the arterioles 
which govern peripheral resistance and that, therefore , peri¬ 
pheral resistance is gmmmed by the sympathetic center. 
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The far-reaching importance of this function will now 
aaaert itself. Osier** remarks: “Tissue irrigation is primarily 
from the heart, but in all extensive systems of this sort, pro¬ 
vision is made at the local territories for variations in the sup¬ 
ply, according to the needs of a part. The sluices are arranged 
by means of the stop-code action of the arteries, which contract 
or expand under the influence of the vasomotor ganglia, cen¬ 
tral and peripheral. If the sluices of one large district are too 
widely open, so much blood may enter that other important 
regions have not enough to keep them at work.” Now, this 
“stop-cock action of the arteries” cannot be accounted for when 
the vasomotor system per se is considered as the mechanical 
factor in the process, since constriction of the larger vessels 
would overcome that of the smaller into which they drive their 
blood. The body is, therefore, as I have shown in the sixteenth 
chapter, provided with an autonomous vasomotor system, the 
sympathetic, which presides solely over this “stop-cock action.” 
The ganglia to which Osier refers are, in fact, as every one 
knows, the sympathetic ganglia. 

This “stop-cock action” has a specific purpose in this con¬ 
nection, however, namely, that of enforcing the resumption of 
their normal caliber to the email vessels and arterioles after 
dilation by the stricto-dilators. Through this rdle, sympathetic 
fibers take an active part in all organic functions, as will now be 
shown. 

In the eighteenth chapter I submitted the evidence which 
had led me to conclude (1) that an exacerbation of activity in 
any organ was the result of the admission into it of an excess 
of blood over and above that circulating through it during 
repose; (2) that this was brought about by dilation of the 
arteries which admitted the blood into this organ; (3) that this 
dilation was due to diminution of adrenoxidase in the walls of 
these arteries and the resulting hypocatabolism therein; and 
finally (4) that this was accomplished by cranial motor-nerve 
terminals distributed to the vasa vasorum or capillaries which 
nourished these vessels. 

Now, this “stricto-dilation” of the supply arteries may well 
be compared to turning on of the blood-stream by opening the 
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stop-cock. It is Obvious, however, that Reimporting k'fmu* 
tion as the resumption by the dilated arterioles of tbiur nonnal 
caliber, i.e., to a degree of contraction exactly adapted to nutri¬ 
tion and just short of functional activity, cannot be left to so 
uncertain a process as passive dilation. Nor can it be left to 
the fibers of the vasomotor system, for this would entail con¬ 
striction of the larger arteries of the body also, and, by forcibly 
dilating the small arteries of the organ, defeat the object in 
view. But this object iB fulfilled by terminal fibers of the 
sympathetic which provoke vasoconstriction of the arterioles. 
They reduce the jvolume of blood admitted into the organ dur¬ 
ing active function—partly turn off the stop-cock, as it were 
(not' entirely, since this would cause arrest of function, i.e., 
inhibition), and cause the organ to resume the passive state— 
a condition in which it is ever ready to become active when the 
stream of blood passing through it is again enlarged through 
the vasodilator impulses of the stricto-dilators. 

The schematic illustration shown herewith represents in 
Figs. 1 and 2 the mechanism through which an arteriole is 
^dilated by the stricto-dilators, which are fibers of a cranial 
“motor or secretory nerve (the vagus, facial, etc.), during func¬ 
tion; and then restored to the passive state by the sympa¬ 
thetic vasoconstrictor fibers. This accounts for the fact that 
the sympathetic center is located, as I pointed out in the six¬ 
teenth chapter, in the same organ to which I had traced the 
cranial nerves, vi*. t the posterior or neural lobe of the pituitary 
body. The purpose of this intimate relationship is self-evident, 
now that we have seen that the functions of all organs are 
carried on by the joint action of the terminals of a cranial and 
sympathetic nerve. 

Briefly, it appears to me: (1) That the sympathetic 
system does not, as now believed, carry on motor, dilator, 
secretory, or inhibitory functions; (2) that its function is 
purely vasoconstrictor, its field being limited to the small aria- 
ties or arterioles; (3) that it is entirely independent of the 
vasomotor system (whose action is general), being capable, unlike 
the latter, of influencing each organ individually; (4) that its 
terminals form part of the mechanism of all organs; (5) that 
ft* specific ritte of its terminal fibers is to oppose the stricto- 
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SYMPATHETIC AND 8TRICTO-DILATOR8. 

dilators and restore the arterioles of an organ to their normal 
caliber when the functional activity of that organ is to cease; 
(C) that the volume of blood which circulates through any 
organ, whether the latter be m the passive state or functionally 
active, is regulated by the joint action of the motor and sympa¬ 
thetic centers in the posterior pituitary; (7) when the organ is 
to become functionally active, the stricto-dilators cause its ves¬ 
sels to relax and to augment the volume of blood coursing 
through it; when its activity is to cease, the sympathetic con¬ 
strictors cause the vessels to contract sufficiently to reduce tho 
blood in transit to the volume required for adequate local 
nutrition. 

The conjoined action of the sympathetic and cranial 
terminals subserves another role of special importance in 
phthology and therapeutics. 

That the sympathetic fibers distributed to the arterioles 
serve to maintain their tone is a recognized fact. It becomes 
a question, however, whether so simple a mechanism meets tho 
needs of the functions these small vessels must perform. The 
blood they transfer into the capillaries meets therein very great 
resistance, not only in the skin, the familiar “peripheral 
resistance,” but in all organs. The diffusion of the blood- 
plasma through the endothelial walls of the capillaries is so 
closely interwoven with the vital process itself that the need 
of a mechanism to regulate the pressure in the capillaries 
almost imposes itself. The regulation of the surface tempera¬ 
ture, so important to the well-being of-the entire organism, also 
seems to require the presence of a local mechanism capable of 
adjusting the cutaneous circulation to the needs of the moment. 
Blushing, which under the influence of emotion may occur sud¬ 
denly and last as long as the emotion lasts, betokens the pres¬ 
ence of something more than a system of fibers calculated to 
sustain vascular tonicity, especially when peripheral resistance 
Is taken into account. The flushings of menopause, the “heat¬ 
waves” of various disorders, localised inflammation, etc., all of 
Which occur irrespective of any general febrile state and fever 
itself, are but examples of many patho-physiological phenomena 
which point in the same direction. 

All the evidence submitted in the foregoing pages not only 
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affords additional testimony to the effect that a more impor¬ 
tant mechanism is present at the threshold of the capillary sys¬ 
tem than has as yet been discerned, but it indicates a dose 
parallelism between the physiological rdle of the heart and that 
of the arterioles. The heart's innervation consists likewise of 
cranial and sympathetic filaments by which the organ's con¬ 
tractile power and rhythm are regulated. Like the arterioles, 
it has great resistance to overcome, and does it by periodical 
muscular contractions—dilation to admit the blood it is to dis¬ 
tribute through the arteries, constriction to project it into 
these vessels. Briefly, the arterioles, considered in this light, 
are, like the heart, contractile muscular organs which, owing 
to their contractility (governed by cranial and sympathetic 
nerves through impulses received from their respective centers 
in the posterior pituitaiy), are able to project and actually 
propel the blood with sufficient vigor to overcome resistance. 
While the heart impels its blood into the arteries, the arterioles 
project theirs into the capillaries—pumping each wave in, as 
it were. 

We have striking examples of such a function in many 
lower forms, i.e., animals in which a vessel may even fulfill the 
functions of a heart. “In the various groups of worms there 
are many which possess a very elaborate vascular system," 
writes Willey, “while not one of them possesses a heart. In 
fact, in the last mentioned forms, the place of a heart is taken, 
functionally, by contractile blood-vessels. And this is the case 
with Amphioxus”—a lively little animal, as any one knows who 
has handled it. 

The manner in which the blood streaming through the arte¬ 
rioles is further propelled by the contractions of these vessels 
at each pulsation, suggests itself when a peculiarity in the struc¬ 
ture of the muscular coat of these small arteries is taken into 
account. Berdol*** states that ''muscle-cells form a single and 
continuous layer around the «"«11 vessel" and that "they are 
wrapped spirally around the arteriole." This is shown in the 
annexed plate. That they receive nerve-fibers, sympathetic 
filaments, we have seen. Now, nerve-impulses to muscle-cells 
so disposed around a vessel, cause not only constriction, but also 
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—the contraction starting from the inner end of the spiral mus¬ 
cle and proc eedi ng toward the capillary—centrifugal propul¬ 
sion of the blood. This mechanism, which may he likened to 
that of a tight ring slid along a flexible tube, is- a counter¬ 
part of that to which the propulsion of food-stuffa in the intes¬ 
tinal canal is due. Indeed, this parallelism appears to me very 
suggestive, since the intestines and arterioles represent in reality 
the extremities of the alimentary system: the intestines for the 
admission of food materials, and the arterioles for their dis¬ 
tribution to the tissues. 

As a corollary to the foregoing conclusions, I would sug¬ 
gest, therefore: (1) that the cranial and sympathetic filaments 
distributed to the arterioles carry on an additional and more 
important function than that of maintaining their tonus; (8) 
that these nerves, owing to the presence in the walls of the arte¬ 
rioles of spirally disposed muscles, endow these vessels with a 
special property: that of increasing the vis a tergo motion of 
the blood in order to overcome the resistance of the capillaries. 

DRUGS WHICH PROMOTE. THE FORMATION OF AUTO-ANTI- 
TOXIN AND INCITE AN ARTIFICIAL FEVER BY EXCITING 
THE VASOMOTOR AND SYMPATHETIC CENTERS. 

"Since the researches of Claude Bernard, of Vulpian, of 
KSlliker," writes Richet,” "the term ‘curarising poisons* is 
given to many substances which, like curare, abolish the action 
of motor nerves upon muscles. The action of these sub¬ 
stances,** adds this eminent physiologist, however, "is hardly 
better known than that of curare itself. It is generally ad¬ 
mitted that it is upon the intramuscular terminals that these 
poisons elect to attack; but we are far from being informed 
as to the modifications of which they are the seat.” The list 
of the poisons referred to includes the alkaloids of drugs in 
general use, atropine, aconitine and brucine, for instance. 

As interpreted from my standpoint, the prevailing belief 
that these drugs act directly upon the nerve-endings is errone¬ 
ous and misleading. . 

That a motor nerve augments the volume of blood supplied 
to an organ, and thereby Incites functional activity, was shown 
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by Claude Bernard. Indeed, as emphasized by Arnold, Brown- 
S6quard, Budge, and recently by Jacques Loeb, 40 ganglia and 
nerves serve only to increase the inherent sensitiveness of a 
given structure by enhancing, through a greater blood supply, 
its intrinsic metabolism. 1 have just pointed out how this is 
accomplished, viz., by stricto-dilation of the arterioles of an 
organ. We have seen, moreover, that when the functions of 
this organ are to cease, the sympathetic fibers distributed to 
the muscular layer of its arterioles cause the latter-to contract. 

The effects of curare—and of the many poisonB it exem¬ 
plifies—are no longer obscure when this mechanism is taken 
into account. 

It is now claimed that the classical experiments of Claude 
Bernard and Kolliker, in which ligation of the arteries of one 
leg protects it from the effects of the poison, prove that curare 
acts directly upon the peripheral tissues and not primarily on 
the central nervous system. This claim is unfounded, how¬ 
ever, in the light of my views, since the immunity of the leg 
referred to can be explained in another way. Thus, if the 
injected curare, by acting directly upon the sympathetic center, 
were to cause sufficient constriction of the arterioles of the leg- 
muscles, ligation of the artery of that leg would also annul the 
effects of the poison in that leg, since the resulting ischaemia 
of the walls of the arterioles below the ligature would prevent 
the marked constriction of the sympathetic terminals, which 
causes paralysis by blocking the circulation to the nerve ter¬ 
minals, the mu8des, etc. The poison, by irritating the central 
origin of the nerves to the arterioles, would thus paralyze all 
the muscles of the body with the exception of those of .the 
limb, as observed experimentally. 

As we will see, this general principle is applicable to many 
drugs, including anesthetics and analgesics. In the case, at 
least, of some of the latter, the action on the sympathetic cen¬ 
ter is of such importance that the peripheral effects are arrested 
experimentally by section of the basal or spinal 'paths through 
which sympathetic impulses are transmitted. 

Bichet also says, however: “Nerve-cells are exceedingly 
varied, and the various poitons do not exert the same actiqn 
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ugxm them. There are special affinities by this or that nervous 
element, for this or that poison. Atropine will fix itself upon 
the nerve-terminals of the motor cells of the third or tenth 
pair; curare, upon the motor nerves of vegetative life; mus¬ 
carine, upon the cardiac ganglia; digitaline, upon the bulbar 
cardiac centers; cocaine, upon the sensory terminals of nerves.** 
While the fact that the local application of the drugs referred 
to produces these effects, such is not the case (in the light of 
my views) when' they are administered orally, subcutaneously or 
intravenously; all the “curarizmg” drugs act in the mannar 
specified above, viz., by exciting the sympathetic center, either 
alone or as one of the centers of a group for which the drug 
may have special affinity—precisely as it has for peripheral 
nerve-cells when applied topically. 

The action of a drug upon the vasomotor center —affecting' 
through it the larger vessels—is shown in the following experi¬ 
ment related by Leonard Hill :* 1 “By the injection of essential 
oil of absinthe in a curarized animal, the vasomotor center can 
be excited to the discharge of a succession of powerful spasms, 
by each of which the arterial pressure is driven up to a great 
height. This phenomenon suggests a clonic fit of the center, 
the clonus of involuntary muscle naturally taking place at a 
far slower rate than that of skeletal muscles." It is evidently 
the action of the vasomotor center alone which caused the great 
rise of pressure, since—interpreted from my viewpoint—the 
curare had already excited the sympathetic center, producing 
excessive constriction of the arterioles and (what is now be¬ 
lieved to be paralysis cf the nerve terminals directly by the 
poison) ischemia of the nerve-endings and arrest of their func¬ 
tions. The great rise of blood-pressure itself thus becomes a 
normal result of the obstruction presented by the constricted 
arterioles to the blood projected towards the periphery by the 
deeper and greater vessels which are themselves constricted, but 
through impulses from the vasomotor center. An important 
feature is emphasized by* these facts, viz., that the vasomotor 
center carf be stimulated independently of the sympathetic 
center, and vies versa. 

These two centers may even be caused to antagonize each 
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other. Thus, as atated by Stewart, 4 * a small dose of atropia, 
given hypodermically, "abolishes the secretory action of the 
chorda tympani." He also says, however, that "pilocarpine is 
the physiological antagonist of atropia, and restores the secre¬ 
tion which atropia has abolished,” as first shown by Langley. 
Now, after atropia, by stimulating the sympathetic center, has 
caused hyperconstriction of the arterioles, the chorda tympani 
can no longer increase the flow of saliva when excited, because 
the arterioles are kept constricted by the sympathetic constric¬ 
tors. This is overcome by pilocarpine, however, because it 
causes (1) "after a few moments,” as stated by Wood, 4 * "the 
characteristic phenomena of a slow pulse with increased arterial 
pressure”—which means that it excites powerfully the vaso- 
^ motor center, the slowing of the heart being due to the 
increased resistance of the blood-column. This provides a 
mechanical agent capable of enforcing relaxation of the con¬ 
stricted arterioles: the centrifugal pressure of the blood pro¬ 
jected into it by the deeper contracting arteries. 

We thus have two centers acting individually, sympathetic 
and vasomotor, and peripheral effects which require no local 
action of the drugs to account for them. If we now add the 
adrenal center, influenced through the test-organ, and the reac¬ 
tion of which to toxics has already been shown, we have three 
centers which (simply because of their identity as the most 
highly organised sensitive structures of the body) are stim¬ 
ulated—or better, irritated—by certain agents, several of which 
are among our time-honored remedies. 

The remedies studied in the present chapter will include 
those which, besides calling forth a reaction of the test-organ 
and through it increased functional activity of the adrenal cen¬ 
ter, excite (as a foreign constituent of the blood) either the 
sympathetic center or the vasomotor center. It will be shown 
that in each case the specific action of the drug is accounted 
for through the combination of centers affected, and the- degree 
of irritation to which the drug submits each of them. Al¬ 
though the latter are always placed in evidence, and the data 
.submitted, in accord with recorded experimental evidence, point 
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to thorn u the nervous elements (owing to their greeter 
inherent eensitiveness) most actively excited by the drug, it is 
possible that in the case of some agents, strychnine for example, 
the subsidiary centers of the cord, bulbar and spinal, may be 
likewise excited aa they are in the lower vertebrates, the frog, 
for instance. This applies mainly, however, to those drugs 
which affect the vasomotor (bulbar) center. In drugs of the 
coal-tar series, such as antipyrin and other antipyretics, for 
example, all effects cease when the base of the brain is tran¬ 
sected far above the bulb and immediately in front of the 
pituitary body—the organ which contains the adrenal and sym¬ 
pathetic centers. 

A salient fact asserts itself in this connection, however, 
ni., that drugs administered internally invariably affect nerve- 
cells of the spinal system only. There is no tangible proof in 
support of the prevailing belief that drugs, belladonna and 
cocaine, for instance, produce delirium by acting directly on 
the cerebral nerve-cells; while, conversely, there is ample evi¬ 
dence to the effect that hypenemia of these cells—especially in 
view of the fact pointed out by myself that adrenoxidase-laden 
plasma circulates in nervous elements aa it does in all other 
cellular elements—can provoke this symptom. Hypenemia is 
purely a motor phenomenon, {.«., an excess of blood driven into 
the brain by excessive vasomotor activity. We have in the 
cutaneous hyperesthesia produced by corresponding drugs, not 
only evidence to this effect, but proof that the sensory ele¬ 
ments—such as those of which the entire cerebrum is composed— 
(though capable of transmitting impulses to the cord which 
therein awaken motor stimuli) can be rendered overactive by 
a supranormal supply of blood. 

On the whole, in the light of my views, (1) druge admin¬ 
istered by the mouth or hypodermically produce none of their 
effects by acting directly on peripheral structures, including the 
cerebrum, heart and cutaneous sensory nerve organs; (8) they 
invariably do so by stimulating or depressing one or more cen¬ 
ters in the spinal system, and particularly, and in many instances 
solely, those located in iff chief center, the .posterior pituitary 
body. 

The drugs reviewed in the present chapter are those which 
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—as I interpret their physiological action—stimulate the three 
centers referred to—all of which influence the body at large. 
When stimulated by either of these drugs, the sympathetic esnr 
ter reacts in its own specific way. In other words, it is the 
function of the sympathetic terminals to regulate the tonus of 
the arterioles, i.e., their mean caliber during their dilation and 
contraction at each pulsation, and it is this function that they 
exaggerate when their center is excited: they reduce this mean 
caliber. At first, however, or when small therapeutic doses are 
given, this serves only to increase the propulsive activity of the 
arterioles, for the abnormal narrowing of these vessels is fol¬ 
lowed by their reflex dilation (stricto-dilAtion from my view¬ 
point)—a generally recognized function, the increase of the 
propulsive power being due to the fact that both dilation and 
contraction of the vessels are exaggerated. Gradually as the 
dose is increased, however, the sympathetic stimuli become so 
energetic that the arterioles are kept constricted, the vasodila¬ 
tor reflex action being increasingly overpowered. Finally, their 
constriction becomes such that their lumen is obliterated, a 
condition which entails death by arrest of the circulation in. 
the heart muscle. 

The drugs which excite the vasomotor center , by provoking 
constriction of the larger and deeper vessels, force an increased 
volume of blood towards the periphery. The arterioles may 
not only remain passive under these conditions, but they may 
be forcibly dilated by the centrifugal streams, and the blood 
invade the tissues. The symptoms of excessive hyperemia 
witnessed, cerebral, muscular, etc., are but normal results of 
such a process. 

The drugB reviewed in the present section are all able 
more or less actively to excite the test-organ, and thus to 
increase, through the adreno-thyroid center, the volume of adren- 
oxidaae and thyroidase produced. This means that they can 
enhance the protective properties of the blood by augmenting 
its proportion of auto-antitoxin. The main subjective phenome¬ 
non awakened is a rise of temperature, the adrenal center being, 
as I have drawn, the heat or thermogenic center. Although the 
adrenal center iB alone mentioned in this connection, it is be¬ 
cause the only phenomena in evidence are traceable only to this 
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center. That its “thyroid” moiety ia also active is probable!, 
however, aince an increaae of adrenoxidase involves a corres¬ 
ponding increase of all ita constituents, including thyroidase. 

The effect produced by the simultaneous excitation of vari¬ 
ous combinations of thedfe three centers can be best illustrated 
by an outline of the mode of action of the various drugs treated 
in this chapter. It will serve to Bhow, moreover, that notwith¬ 
standing the simpler explanation of their action which 1 sub¬ 
mit, the specific action of each drug remains clearly defined. 

The physiological action of belladonna and atropine illus¬ 
trates the joint action of the adrenal and sympathetic centers. 
A protective reaction of the test-organ being provoked, the 
blood is rendered richer in adrenoxidase and therefore in auto¬ 
antitoxin. The sympathetic center being simultaneously ex¬ 
cited, the propulsive activity of the arterioles is enhanced and 
an unusual quantity of blood rich in adrenoxidase and auto¬ 
antitoxin is thus projected into the capillaries of all organs. 
Hence the cutaneous hypersemia and other symptoms observed. 
The beneficial effects thus become plain: it initiates an artifi¬ 
cial fever, and enhances circulatory activity in exposed organs. 
Its toxic effects become manifest through the sympathetic cen¬ 
ter, the result being excessive constriction of the arterioles of 
the heart and anterior pituitary, the circulation in these organs 
becoming inadequate to sustain life. 

Digitalis likewise stimulates the two centers affected by 
belladonna. Indeed, like atropine, digitaline in large doses 
causes dryness of the throat, dilation of the pupil, hallucina¬ 
tions, etc. Digitalis differs from belladonna,' however, in that 
it excites much more actively the adrenal center, and with less 
vigor the sympathetic center. The blood is thus not only made 
richer in adrenoxidase and other substances which sustain 
metabolism and nutrition, but, the center which governs the 
propelling power of the arterioles being activated, the nutri¬ 
tional elements are driven into the tissues, including the vas¬ 
cular and cardiac muscle, with unusual vigor. The energy 
with which digitalis excites the test-organ, and through it the 
adrenals, manifests itself in another way: the direct action of 
the excess of secretion on the right ventricle. So marked is 
this action that large doses disturb the synchronism of the two 
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ventricle*. It Is through both the arterial and venou* blood 
it receives that the heart's power is increased and sustained by 
adequate nutrition. 

Nux vomica and strychnine introduce another combination: 
stimulation of the adrenal center (through the teat-organ) and 
of the bulbar vasomotor center. Here, the metabolic activity 
of all organs and their nutrition is likewise enhanced, but 
instead of activating the sympathetic center which increases 
the propulsive power of the arterioles, strychnine excites the 
vasomotor center only, and by thus provoking constriction of 
the deeper vessels, it causes a greater volume of blood to cir¬ 
culate in the smaller vessels and capillaries. Therapeutic 
doses, therefore, thus transfer to the arterioles an unusual 
quantity of blood—and thereby enable these small vessels to 
nourish the tissues more actively. When large doses are given, 
however, the stream forcibly dilates the arterioles, and highly 
oxygenixed blood invades the cerebro-spinal system, the mus¬ 
cles, the skin, etc., in such quantities that convulsions occur. 

Coca and cocaine assert themselves as more powerful stimu¬ 
lants of the test-organ and adrenal center than either bella¬ 
donna, digitalis, or strychnine. The resulting marked increase 
of adrenoxidase in the blood not only augments correspondingly 
the activity of all metabolic processes, but as both coca and 
cocaine, like strychnine, excite the bulbar vasomotor center, 
this blood is projected in greater quantity into the arterioles, 
and, therefore, into the tissues. The characteristic effect of 
coca on the muscular system is due mainly, therefore, to its very 
marked action on the adrenal center, sustained by the rise of 
vascular tension, which floods, so to say, the muscular elements 
with highly oxygenixed blood. The kinship with belladonna 
is shown by the fact that it causes, in large doses, dilation of 
the pupil, dryness of the mouth and throat, etc.; with digitalis, 
by its powerful action on the heart-muscle; and with strych¬ 
nine, by its marked action on all muscles and its tendency in 
toxic doses to produce convulsions, the so-called "cocaine 
epilepsy.” 

Quinine introduces a different phase of action, vis., irrita¬ 
tion of an increasing number of centers as the dose of the drug 
la increased. Thus, when given in therapeutic doses, it excites 
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the vasomotor center, ctising peripheral hyperemia; larger 
doeee excite the sympathetic center besides; still larger doses 
excite the test-organ in addition to the two others, and through 
it the adrenal center. The effects produced thus begin with 
slight cutaneous warmth and hyperesthesia, and gradually, as 
the dose is raised, increase to headache, flushing, tinnitus, 
etc., and then, in some cases, to a marked rise of the tempera¬ 
ture. The latter effect is shown to be due to the specific 
property which quinine shows prominently in malaria, *.«., a 
direct toxic action upon certain parasites, including the plas- 
modium mala rife—but, unfortunately, the leucocytes also. 
This action is exercised irrespective of the influence of the 
drug upon the various centers, but the latter assists materially 
the curative process by causing a greater volume of blood to 
circulate in the capillaries—which include those of the liver 
and skin—thereby bringing about an artificial febrile process 
in which the quinine acts as the body’s immunizing agent. 

That these simplified conceptions of the physiological 
action of these various drugs are sound, is shown by the fact 
that in every instance the indications they suggest in the many 
diseases in which they are used harmonize perfectly with the 
teachings of clinical experience. 

Idiobtmchast. —This term is applied to the marked suscep¬ 
tibility shown by many persons to the action of various drugs. 
The cause of this phenomenon becomes evident when, in accord 
with my views, nerve-centers are regarded as the structures 
directly irritated by drugs. In the first volume I referred to 
the posterior pituitary body as the tentorium commune , i.e., as 
the organ through which all violent emotions, shock, surgical 
shock, etc.—and to which I may add another obscure phenome¬ 
non, concussion, react upon the organism at large, all owing to 
the extreme sensitiveness of its highly organized centers. That 
blood by irritating drugs, poisons, toxins, etc., in 

circulating in the nervous elements of such an organ, should 
readily excite these elements is self-evident. That such blood 
should not excite these centers to the same degree in all indi¬ 
viduals, h o wev e r, is as obvious; it is here that, in my opinion, 
tin secret of idiosyncrasy lies, viz., in on abnormal ttntilivenett 
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of the nerve-centers upon which druga act, and particularly the 
sympathetic center. 

This feature of the problem is illustrated by the action of 
some of the drugs studied in the present and in the next 
chapters. 


BELLADONNA AND ATROPINE. 


Physiological Action.—Belladonna and its alkaloid, atro¬ 
pine, owe their therapeutic properties to the fact that they 
stimulate (1) the teBt-organ (anterior pituitaxy), and through 
it the adrenal center;* and (2) the sympathetic center (pos¬ 
terior pituitary), which governs the tonus and propulsive activ¬ 
ity of the arterioles.* 

The experiments of Lombard, 4 * confirmed by Calmette, 4 * have shown 
that the leucocytes ingest atropine injected in the blood, and that the 
latter itself contains but a very small proportion of the poison. As 
these cells ultimately secrete their contents, the drug is doubtless 
returned to the circulation, as is the case with other drugs. The 
influence of the drug upon the test-organ and adrenal center (which is 
also the heat or thermogenic center) Is shown by its marked influence 
upon the temperature. Thus, Meuriot** observed, in man, an elevation 
of temperature ranging from 0.5" to 1.1° C. (0.0° to 2 s F.) after the use 
of therapeutic doses, and refers to Eulenburg as having made a similar 
observation.* He also obtained in dogs, from doses corresponding with 
the equivalents of therapeutic doses in man, a rise of from I s to 3° C. 
(1.8° to 6.4° F.) and alludes to DumSril, Demarquay and Leeointe as 
having caused a rise of 4° C. (7.2° F.) after small doses, and a fall of 
3° C. (5.4° F.) after towio doses. That this rise is due to excitation 
of the adrenal center, where I located the heat-center, is shown by the 
experiments of Ott and Collmar,” who found that the rise of tempera¬ 
ture occurred irrespective of the variations of blood-pressure, and 
ascribed it, therefore, to a stimulating action of the drug on the ther- 
mogenetie centers. Again, we have seen that excitation of the test- 
organ, and through it the adrenal center, caused glycosuria; now 
Raphael** not only observed glycosuria when atropine was used experi- 
P* 8 **tally, but also in individuals under the influence of large doses. 

The action of atropine upon the vascular mechanism is generally 
recognised. That it is the arterioles which are mainly influenced (since 
all vessels are to a certain degree constricted through the presence of an 
excess of adrenoxidase la the blood) Is shown by the fact that toxic doses 
produce arteriole hyperconstriction, l.e., “inhibition” Thus Resold and 
Bfoebaum** found that when large doses of atropine were injected into 
bivlnwtrd blood-stream, i.e., the carotid, the heart was at once 
greatly slowed. That this is due to paralysis of the heart through 
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deficient blood supply io shown by Cuduqr'i etatemcnt," that large quan¬ 
tities of atropine ‘‘weaken and depress the heart muscle, and the con¬ 
tractions consequently become slower and weaker, and the output of the 
heart is leas than normal.” 

The central origin of all the phenomena produced by belladonna 
and atropine is demonstrated by the fact that Beaold and Bloebnum" 
found transection of the upper portion of the spinal cord annulled its 
action on the blood-pressure, a fact confirmed by Wood- 

By its action on the test-organ and adrenal center bella¬ 
donna increases the proportion of adrenoxidase in tho blood, 
while by its action on the sympathetic center, it enhances the 
blood-propelling power of the arterioles.* As a result, the 
capillaries of the entire organism are traversed by a supranor- 
mal quantity of arterial blood unusually active in oxygenizing 
properties.* Hence the sensation of warmth in the skin and 
mucous membranes, and the rise of temperature and transient 
flushing, observed even when small doses are taken.* This is 
soon accompanied by dryness of the throat, owing to capillary 
engorgement of the acini in the latter anti of the sudoriferous 
glands in the skin, and mechanical interference with their 
functions. 

When the dose is large, various symptoms due to hyper¬ 
emia and hypermetabolic activity in the organs influenced* arc 
witnessed. Thus, a bright red flush, recalling that of scarla¬ 
tina, though more diffuse, may appear on the face and grad¬ 
ually involve the entire surface. Slight congestive headache, 
•with giddiness, insomnia, mental confusion, garrulousness with 
illusions, delirium, which may become violent, visions, etc., are 
also observed, along with, in some cases, priapism, muscular 
restlessness and forcible micturition, due to more or less sud¬ 
den involuntary contraction of the bladder. The pulse-rate is 
also greatly increased, and the cardiac contractions (unless 
toxic doses be taken) strong, owing to similar overactivity of 
the cardiac muscle.* 

Cuihny" states that the cause of the rise of temperature Induced 
by atropine "cannot be said to be definitely known.” The presence of 
an excess of adrenoxidase in the blood, coupled with the capillary 
engor g ement, os previously explained, accounts not only for this phe¬ 
nomenon, but also for the familiar symptoms outlined above. Th e con¬ 
currence of the pyrexia with cutaneous disorders is plainly shown in all 
cases attended with untoward effects. In a esse brought on by the use 
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of atropine as a mydriatic, observed by Spurgin, 1 * for fastanna, a diffuse 
rash rasombliag that of scarlet fever, observable also la the fences, ooin- 
eided with a tem p erature of 102.7° F. and a pulse-rate of 140. la 
another instance reported by the same o bser ver, the cutaneous lesions 
were not quite as marked, the temperature was 101.2° F. and the pulse- 
rate 110. In both ca ses the morbid symptoms disappeared on discon¬ 
tinuing the use of the drug. 

The mydriatic action of atropine is due to a corresponding 
process when the drug is given internally.* Here, however, 
there are two sets of muscles: the constrictor fibers, which 
cause contraction of the pupil, and the dilator fibers, which act 
in the opposite way. As both muscles are rendered overactive 
by the excess of arterial blood rich in adrenoxidase propelled 
into them by the arterioles, the delicate muscular equipoise 
which enables the pupil to carry on its functions is lost and it 
becomes a question as to which of the antagonistic muscles will 
overcome the other.* The radiating fiben being best disposed 
mechanically (owing to direct traction),* they draw back the 
edges of the iris, enlarging the pupil. 

The local application of atropine produces the same effect, 
but in a different way.* It paralyzes directly the sympathetic 
terminals* of the arterioles, thus causing dilation of these ves¬ 
sels. An excess of blood being admitted to the muscular ele¬ 
ments of the iris,* the antagonistic action of the muscles is 
awakened* and the radiating fibers cause dilation of the pupil 
by drawing back the iridial curtain. 


Landois (1BOS) conclude* 14 that "aa to the action ofpoicona on 
the iris [including atropine] ignorance still prevails.” The greater 
contractile power of the radiating muscles when the functional equipoise 
between the two sets of in uncles Is disturbed is well shown by the obser¬ 
vations of Bernstein and Dogiel, confirmed by Engelhardt,” that when 
electrodes were applied “to the eyes in such a way as to affect directly 
the iris, contraction occurred.” 1 * Again, the dependence of the process 
upon some difference in the relative power of the antagonistic muscles 
is suggested by the fact that In birds and reptiles atropine does not 
eause dilation of the pupil (Wharton Jones, Ivanoff, Wood and others). 

The muscular antagonism and the participation of the sympa¬ 
thetic in the process are shown by the following lines by Cuahny**A 
further question is whether this [paralysis] is the only effect of atropine 
on the pupil, or whether the terminations of the dilating sympathetic 
fiben are not stimulated at the same time, and this cannot as yet be 
said to be generally agreed upon, although there ia very strong evidenm 
against the latter view. Its advocates have generally ignored the fad 
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tk>t the constrictor muaele la constantly opposed by dilator fibers, and 
that whan the former la thrown oat of activity by the paralysis of the 
terminations of the motor oculi, the radiating fibers cause an motioo 
dilatation without any stimulation of the nerve ends being necessary.” 
The prevailing misinterpretation of the functions of the sympathetic and 
the multiplicity of functions erroneously attributed to this nerve account 
for the vulnerability of the views Cushny criticises. If, setting aside 
assumptions, we accept the only actually demonstrated function of sym¬ 
pathetic terminals, that of constricting arterioles, as a foundation for 
deductions, the ground iot criticism disappears, since the only solidly 
established fact concerning the local action of atropine, paralysis of 
nerve-endings, also comes into play. By paralysing the sympathetic con¬ 
strictors, therefore, the vessels are allowed to relax and to influence the 
muscular fibers differentially—a process which necessarily brings in the 
antagonistic action of the muscular fibers of iris referred to by Cushny. 
The liypermaia produced by the dilation of the arterioles not only 
accounts for the dilation of the pupil, but the fact that hypenemia is 
likewise the mode of action when atropine is given internally, and that 
the phenomenon la explained by a process provoked by the drug in all 
other organs, indica t es that the explanation 1 submit must be the cor¬ 
rect one. 

Untoward Effects and Poisoning.—When a large dose 
is taken, the symptoms of a therapeutic dose, dryness of the 
mouth and throat, thirst, and dysphagia, rapidly increase in 
intensity, the propulsion of blood by the arterioles into tho 
capillaries assuming greater violence.* The cutaneous flush 
then becomes very marked; the congested brain and cord cause 
violent excitement, delirium, spasmodic choreiform movements 
of the face and extremities, and also convulsions, during which 
the patient may die. 

When large toxic doses are taken, the sympathetic center 
ia more violently irritated than the others, and hyperconstric¬ 
tion of the arterioles follows.* Those of the anterior pituitary 
and heart being contracted with the rest, inhibition of their 
functions occurs,* and collapse is brought on more or less sud¬ 
denly. Intense muscular weakness which soon lapses into 
paralysis, particularly of the lower extremities, a rapid, then 
alow, weak and irregular pulse and heart-beat, shallow and 
irregular respirations, stupor and coma then follow in quick 
succession, the patient dying of reapiratoiy failure. 

Autopsies of eases Is which death occurs during the period of 
intense vascular en g o rg ement chow tills condition very dearly ia all 
♦issues. Including the brain and cord. "At the autopsy of a.subject 
poisoned by belladonna,** writes Menquat," “no characteristic lesion to 
found; the changes witnessed urn limited to a considerable hypenunla 
of the esnbro-spinal ——»«g— and of tho cortex, congestion of the par- . 
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enchjnuitoiu organa and of the mucous membranes, dryness of the 
throat, and a few ulcerations or sphacelous areas of the stomach." 
Wood" says the poet-mortem lesions are "congestion of the lungs and 
of the membranes, and even of the substance of the brain and cord,” and 
refers to LematreV observation that "congestion of the retina is an 
almost characteristic lesion." 

The treatment of belladonna and atropine poisoning is 
described in a special section at the end of this volume. 

Therapeutics.—The many therapeutic virtues that have ' 
been credited to belladonna are sustained by the foregoing 
analysis. Not only does it provide the blood with an excess of 
adrenoxidase, and, therefore, of auto-antitoxin, hut it stimu¬ 
lates also the centers which augment the circulatory activity of 
the blood where its antitoxic properties can be productive of 
the best results.* In short, belladonna, owing to its alkaloid, 
atropine, produces an artificial fever.* 

It is principally in disorders of the respiratory system that 
belladonna and its preparations are most efficacious. The 
various disorders due to exposure to cold and damp, are brought 
about by the sudden depression of catabolic activity* in the 
tissues, the trypsin, which plays the active rdle in the process, 
requiring the normal temperature of the body to break down 
waste products adequately. Cold, by inhibiting this process, 
causes the accumulation of imperfectly catabolized wastes in the 
blood and its consequences— coryza, pharyngitis, tonsillitis, or 
bronchitis, the location of the disorder corresponding usually 
with one which previously has been the seat of catarrhal conges¬ 
tion. Here, belladonna by increasing the antitoxic activity of 
the blood in all capillaries and raising the temperature therein, 
not only antagonizes directly the morbid effects of cold, but 
causes prompt destruction of all toxic wastes.* 

In bronchial asthma, neuralgia, migraine and hay-fever, 
ascribed to the gouty "diathesis/* which means the presence of 
alloxuric bases or intermediate waste products in the blood, 
belladonna is beneficial through a similar process.* In asthma 
due to hypotension of the arteries, it is also efficacious by in¬ 
creasing the blood’s asset in adrenoxidase and causing thereby a 
rise of blood-pressure and more perfect oxygenation, thus meet- 
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ing the two morbid lectors of the disorder. Spasm, such as 
that of rheumatic torticollis, dysmenorrhcea, enuresis due to cys¬ 
tic irritability, etc., are also due to hypocatabolism iu many, 
instances, and atropine, by promoting the destruction of spas¬ 
mogenic wastes, causes muscular relaxation. 

The reported beneficial effects from the use of atropine in 
infectious erysipelas, scarlet fever, typhus, etc., are doubtless 
due to the fact that it increases the antitoxic properties of the 
blood. Its tendency to cause dryness of the mouth and skin, 
however, is a contraindication to its use. 

In asthenic disorders atropine is of great value. In shock, 
which is due mainly to paresis of the sympathetic center,* it is 
the best drug at our disposal; not only does it act directly upon 
the paretic center,* but it raises the blood-pressure and restores 
the capillary circulation of the heart and skin to its normal 
vigor*—provided alcohol is avoided. This applies as well to 
collapse in the asthenic stage of any disease, including the acute 
infections, especially when the heart is showing evidences of 
weakening. It is also one of the most effective remedies at 
our disposal for the relief of night-sweats in phthisis'or the 
colliquative sweats that attend the advanced stages of many dis¬ 
eases. This symptom is likewise due to general vasodilation 
and to relaxation of the sudoriferous mechanism. Atropine 
not only tends to correct this condition, but also to counteract 
any toxaemia that may be present.* 

DRUGS WHICHaRESEMBLE BELLADONNA IN THEIR 
PHYSIOLOGICAL ACTION. 

The physiological action of homatropine hydrobromide, 
hyoscyamus, hyoscyamine sulphate and stramonium is similar 
to that of belladonna, though their effects are less marked, their 
stimulating influence on the various centers mentioned being 
less violent. 


DIGITALIS. 

Fhysiologioal Action.—In therapeutic doses digitalis in-, 
creases the nutrition of the heart and its functional power. 
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Tliis is dae to the concurrent influence of three effects pro¬ 
duced by the drug.* Two of these are direct and energetic 
stimulation of the test-organ and through it the adrenal cen¬ 
ter, and also , but with less violence, the sympathetic centers, 
which enhances the propulsive action of the arterioles. As a 
result of the first action, the proportion of adrenoxidase in the 
blood is increased and general metabolism is enhanced through¬ 
out tho body.* The muscular elements of the blood-vessels and 
of the cardiac muscle being influenced similarly,* their contrac¬ 
tile power is increased, though the heart’s action is slowed by • 
the augmented resistance which the reduced caliber of the ves¬ 
sels entails. 

"In our experiments upon the exposed mammalian heart," writes 
II. C. Wood,® "we have seen in the final acts of digitalis drama happen¬ 
ings so curious and unexpected that at present no proposed theory as 
to the action of the drug is sufficient.” This is mainly due to the belief 
that the drug acts directly upon the heart as it does experimentally. 
That it docs not, however, is shown by the following facts: The weakest 
solution that will act on the isolated heart at ail is that of 1 to 00,000. 
To produce any effect in an adult man supplied with but 13 pounds of 
blood, therefore, at least 1 groin (0.00 gm.) of digitalin would have to 
be given orally, since */• groin, “the full therapeutic dose' 1 (Wood), 
would only make a solution of 1 to 200,000. The hypodermic use of the 
drug shows a still greater discrepancy, since Deucher® found tnat a dose 
of digitalis thus given produced the effects of a dose four times larger 
administered orally. A solution of digitalin in the blood-mass of 1 to 
300,000 (equal to */ M gr.—0.004 gm.) thus becomes active, though 
totally inadequate experimentally, w, though sixteen times weaker 
than the weakest solution that will affect the isolated heart. And this 
allows nothing for the antitoxic action of the blood, wnich further 
reduces the strength of the drug, or for any dispersion in the lymph 
mass, which is twice greater than that of the blood. Nor does it 
allow for the fact that an isolated heart does not have to overcome the 
resistance of the blood-column which it must raise each time it contracts. 

This is further emphasised by the fact that division of the adrenal 
and vasomotor nerve-paths from the pituitary annuls tae effects of digi¬ 
talis. Thus, transection of the upper part of the spinal cord was found 
by Besold and Boehm® to cause a very marked fall of blood-pressure in 
an animal under the influence of digitalis, while Traube and Boehm and 
others® found “that after section of the cord high up the arterial pres¬ 
sure is either elevated not at all, or not nearly so much, fay digitalis as 
in the normal animal.” Wood (Sr. and Jr.) regard this as "a strong 
indication that the drug increases the arterial pressure largely by 
increasing the peripheral resistance without centric vasomotor stimula¬ 
tion." This points also to adrenals as the source of the vosoconstrict- 
ing influence, for Langley® found, in a series of experiment* with adrenal 
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abaci, that ita act km “rani parallel with the action of the sympathetic 
nerves on the blood-vessels,** and that “in many cases the effects pro¬ 
duced by the extract and by electrical stimulation of the sympathetic 
nerve correspond exactly.*' Now, as the peripheral arterioles are gov¬ 
erned by the pympathetic, the adrenal secretion corresponds in Its action 
with that of this nerve, because its action (as adrenoxidase) on the 
arterioles Is the first to manifest itself, owing to their diminutive siae. 
Now, digitalis, acting mainly through the adrenal accretion, also in¬ 
creases the peripheral resistance—but not by a direct action of the drug 
as is generally believed. 

The effects of digitalis on metabolism, in consequence of its action 
on the adrenal center, is well shown in the following fines by hlnnquat:" 
“The exchanges are increased, and oxidations augmented, and urea is 
excreted in greater abundance. According to ran Broeek, the modifica¬ 
tions of urea and carbon dioxide correspond with that of the blood-pres¬ 
sure: the elimination of urea and carbon dioxide increases as long as 
the pressure remains high; it diminishes when the bloud-pressure 
recedes.** The effect of therapeutic doses under these conditions sug¬ 
gests itself. “There occurs,’* says Cusliny," “an improved nutrition of 
the whole body,” while after the um of digitalis and its allies in dila¬ 
tion of the heart, this organ “is found better nourished and has more 
of a tendency to hypertrophy." Tills applies also to the marked rise of 
blood-pressure. Thus, Wood" states that after a full dose of suprarenal 
capsules, “there is developed a slow, full pulse, followed very shortly by 
a great rise of the blood-pressure,"—precisely the action of digitalis. 

The nutrition of the heart-muscle, along with that of all 
other structures, is aided materially by the slight (only when 
the average therapeutic dose is given) stimulating action which 
the drug has upon the sympathetic center, and therefore upon 
the blood-propelling activity of the arterioles.* Hence,* the 
fact that besides the rise of blood-pressure and the greater 
power of the contractions referred to above, the pulse-waves 
become larger, fuller and harder. 

% 

The action of the drug on the sympathetic center ia illustrated by 
the concordance between the effects of direct stimulation of the pituitary 
body and those of digitalis on the blood-pressure. The only two centers 
in the pituitary which, on excitation, can produce such an effect are the 
adrenal center and the sympathetic center. That it is the latter is 
shown by the fact that the pressure begins to recede at once (reaching, 
in fact, below the normal within one minute) when the stimulation 
ceases—which would not occur if the adrenals were also stimulated, 
since the excess of secretion would not only cause a rise of pressure, but 
sustain it for a time. The similarity of the effects referred to are 
shown by the following comparative tables prepared by independent 
experimenters: Arnold and IT. C. Wood, Jr.," and Masay:"— 
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Digitalis. 

(Arnold and H. O. Wood, Jr.) 
Dog: 9.5 kilograms. nuBun. 

Prior to injection.80 mm. Hg. 

1 hour 10 min. after 

0.02 gra.104 “ ** 

30 min. after injec. of 

0.04 gm.122 “ “ 

After division of both vagi:— 

Dog: 8 kilograms. 

Prior to injection.167 mm. Hg. 

50 min. after 0.04 gm.200 “ “ 

1 hours 40 min. after. 140 “ “ 

4 hours 20 min. after.240 “ “ 


Pituitary, Excitation 

(Many.) 

Dew: 2.6 kilograms. 

Prior to excitation.... 81 mm. Hg. 
First excitation 144 “ “ 

Second excitation ... .200 " " . 


After division of both vagi:— 

Deg: 5 kilograms. 

Prior to excitation_182 mm. Hg. 

First excitation.280 “ “ 

After 15 seconds..270 ** ** 

Second excitation .. 


On the digitalin side the pressure is sustained, of course, because 
the stimulation of the adrenal and sympathetic centers persists until the 
blood rids itself of the poison. This accounts for a feature of the 
problem which so far has escaped notice, via., that the effects of digitalis 
are practically identical with those of suprarenal extract. Wood? 1 
describes (under separate headings) these effects in the following 
words:— 


Digitalis. 

“During the first stage there is 
marked stowing of the heart's beat, 
with large, full, hard pulse-waves 
and pronounced rise in the arterial 
pressure.” 


Supbaxckal Extract. 
“When to an animal the full 
dose of suprarenal capsules is 

? iven there is developed a slow, 
ull pulse, followed very shortly by 
a great rise of the blood-pressure.” 


The third effect of digitalis is also due to its stimulating 
action on the adrenal center.* The adrenal secretion being 
considerably increased, it enhances the contractile power of the 
right ventricle while in transit through it on its way to the 
lungs.* Hence the dicrotism and other phenomena which 
point to loss of jmrallelism between the action of the ventricles 
when large doses are administered.* 

As to the third factor, i.e., the direct action of the adrenal secre¬ 
tion on the right ventricle, we have seen,” that Brown-S&jusrd, over 
fifty years ago, emphasised the importance of the venous blood in car¬ 
diac dynamism, and that his belief that CO, was the active agent in the 

J irocess caused his observations—all solidly established experimental 
acts—to be set aside. I pointed out, however, in the first volume that 
the effects observed were due to the presence of the adrenal secretion 
in the blood of the inferior vena cava, Oliver and Schafer having shown 
that adrenal extract could cause marked contractions of the cardiac 
muscle. Digitalis being a.powerful adrenal stimulant, it should nor¬ 
mally increase the contractile power, not of the left ventricle, with 
which it does not come into contact, but only of the right—an important 
point in practice. How, Germain 8#e" baa laid stress on the fact that 
digitalis acts mainly on the right ventricle. Openchowski,™ who had 
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also found, in 1889, that the action of digitalis was greatest on the right 
aide of the heart, recently noted diminution of the activity of the left 
ventricle—a true functional dissociation. Cuahny likewise" states that 
digitalis, strophanthin and helleborein all “increase the output of the 
right ventricle.” 

The kidneys being subjected to all the conditions which 
digitalis awakens in other orguns, their functional activity is 
enhanced by doses sufficiently large to increase the propelling 
power of the arterioles and the intrinsic metubolism of their 
functional elements.* Hence the diurtsix produced by dig¬ 
italis.* Conversely, when the dose is excessive, the renal 
arterioles become so constricted that functional inhibition, «.e., 
anuria, occurs. 

The first action is self-explanatory in view of the evidence adduced 
above. As to the constrictor effects, Lauder Brunton" writes: “Digi¬ 
talis contracts the arterioles of the kidney sooner than those in other 
parts of the body. The renal vessels may contract so much as to arrest 
the secretion of urine altogether, although the general blood-pressure is 
high.” 

Untoward Effects and Poisoning. —Digitalis, especially 
when administered during a prolonged period and in small 
doses, may cause a variety of untoward phenomena. In some 
cases, these are mainly due to what has been termed “ cumula¬ 
tive action ”—which, from my viewpoint, meanB hypersensitive- 
ness of the sympathetic center, a condition due to the per¬ 
sistent excitation to which the drug submits it. At first the 
sympathetic center is overstimulated and undue propulsive 
activity of the arterioles* causes headache, hallucinations and 
delirium, dryness of the throat through crowding of the lumina 
of the acini, dilation of the pupil, abdominal cramps, diges¬ 
tive disorders, pains in the limbs recalling those of rheumatism. 
These symptoms may be accompanied by disturbance of the 
cardiac rhythm, dicrotism, etc., due to excessive stimulation of 
the right ventricle.* After a time, however, the sensitiveness 
of the sympathetic center being greater than that of its fellow,* 
its own phenomena take the lead:* hyperconstriction of the 
arterioles is produced, and signs of collapse may appear, includ¬ 
ing weakness and irregularity of the cardiac action, due to 
impending arrest of cardiac functions, the case culminating 
perhaps as one of acute poisoning. 
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In acute poisoning, the patient passes through the stage of 
hyperemia—which may include violent headache, flushing, 
muscular pains, vomiting, delirium, etc.—more or less rapidly, 
then into the stage of depression, just referred to. The heart 
action becomes irregular, and on exertion, such os sitting up or 
rising, extremely weak; the ventricles and auricles may no 
longer beat synchronously; the two ventricles likewise, or por¬ 
tions of the myocardium, may dilate, while others still contract. 
Hence the irregular action, the occasionally observed blowing 
systolic murmur, the dicrotic, rapid, weak, irregular and broken 
pulse. The vascular pressure suddenly drops, concomitantly 
with general relaxation of the entire muscular system, as shown 
by the intense muscular prostration, the anuria—due, in part, 
to inaction of the bladder—the lowered reflex activity (Fran- 
gois-Franck TT ) and the widely dilated pupil. Paroxysms of 
suffocation occur, the adrenal secretion and its carrier, the ven¬ 
ous blood of the inferior vena cava, being no longer propelled 
to the pulmonary alveoli by the cardiac muscle.* Hence* the 
steady fall of temperature, the cold extremities, the growing 
pallor and the stupor. 

A symptom of another order may appear in this connection 
towards the end of this stage: the gradual diminution of tho 
blood’s antitoxic attributes preventing the adequate conversion 
of toxic wastes into benign and eliminablc products,* convul¬ 
sions appear. A recurrence of very elevated blood-pressure 
then occurs, followed by a very rapid fall and death. 

That the arterioles play the cardinal rOle In these morbid phe¬ 
nomena has been observed by various investigators. Wood” refers to 
the experiments of Fothergifi,'" Gourvat and Ackermann," who found 
mlcrofwffeally that "the arteriole a of the frog’s web or of the mesen¬ 
tery of the rabbit undergo very marked contraction, even to the oblitera¬ 
tion of their lumen, after the exhibition of digitalis.” Well M also noted 
that the reflex activity of the spinal cord practically disappeared when 
large doses were given. _ The drug caused such intense vasoconstriction 
that the central and peripheral circulations were impeded,-and the nerv¬ 
ous elements, deprived of blood, lost their irritability. Porter," after 
on exhaustive physiological study of the cumulative action of digitalis, 
found that it was the result of excessive contraction of the heart's arter- 
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Man mad mi tha W nwqu ent arreat of tho nutrlttaa of tho myocardium. 
SuaMtive In this connection is the feet that traneectloo of the upper 
part of the cord by Traube, Beaold and Boehm (a procedure whioh, wo 
have eee n, arreete the effecta of dhitalii) at once reetored normal oon- 
dltkme in poieoned animale—obviously by caueing relaxation of the 
arteriea. TnU result could not have occurred if the vaaocouatriotioa 
had, aa is now believed, been due, even in part, to a direct action of the 
drag upon the vascular walla 

A fatal ieene occurs rarely, according to retain," death from digi¬ 
talis being most frequently met with in subjects suffering from Bright * 
di sease, a rheumatic diathesis, anemia or delirium tremens. Hence the 
need of special watchfulness in such cas es. The prevailing opinion at 

S resent is that the dangers of digitalis have been greatly exaggerated. 

enry Beates, Jr., M who uses digitaiine (Merck’s Germanic) in rela¬ 
tively large doses, and obtains excellent results, la of this opinion. 

The treatment of digitalis poisoning is described in a ape* 
cial section at the end of this volume. 

Therapeutics.— The foregoing interpretation of the physi¬ 
ological action of digitalis accounts fully for its beneficial 
action in certain cardiac disorders. Thus, in uncomplicated 
dilation, in which the heart-muscle fails to contract ade¬ 
quately, a condition usually occurring as a result of general 
adynamia, digitalis, or better digitalin, not only enhances 
markedly the nutrition of the body at large, but that of tho 
heart in particular, increasing greatly its dynamic power. In 
dilation due to a valvular lesion, mitral in most cases, and due 
to the increased resistance of the blood-column, digitalin is of 
great value to aid the heart in overcoming the obstruction. 
Even when the valves of both sides are diseased the drug ib of 
value; here the passive resistance to tho admission of blood to 
the right heart causes hypenemia and venous stasis, and the 
excess of adrenal secretion causing a rise of blood-pressure, more 
blood is projected towards the heart, and slows cardiac action, 
thus giving the organ more time to dilate and to admit more 
blood. 

Conversely, the use of any preparation of digitalis is 
obviously inadmissible when the heart has reached the stage 
of full compensation, *.e. t hypertrophy; when a cardiac disor¬ 
der is dne to, or accompanies, arteriosclerosis, in eases of aortic 
regurgitation, since the drug would in the latter ease, by slow¬ 
ing the cardiac action, lengthen the diastole and afford more 
time for regurgitation. Moreover, by causing general vasocon- 
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striction, it would increase the resistance to the blood-current 
and help to detain the blood in the ventricle. 

In syncope and collapse of asthenic origin, digitalin is of 
very great value, since it influences very soon, when adminis¬ 
tered hypodermically, the centers and organs which underlie 
the whole vital fabric. In neurasthenia, its action on general 
nutrition, besides that on the heart, renders it invaluable in 
some cases. In acute adynamic diseases, especially pneumonia, 
it aids powerfully to sustain the heart. It is not indicated dur¬ 
ing the stage of early pulmonary engorgement, however, since 
it augments the vascular tension. When the heart is yielding 
to the resistance of the blood-column, it is far better to relieve 
the pressure itself by means of the bromides or veratrum viride. 

STROPHANTI1US. 

Physiological Action. —Like digitalis, strophanthus in¬ 
creases the power of the cardiac contractions and reduces their 
frequency. The pulse-waves become larger and fuller and the 
blood-pressure is raised when sufficiently large doses are admin¬ 
istered. This action is less marked, but it occurs sooner than 
under the influence of digitalis, and docs not last as long. 

Strophanthus likewise owes its action to the fact that it 
stimulates actively the test-organ, and through it the adrenal 
center.* A greater quantity of adrenal secretion being pro¬ 
duced, the contractile power of the right ventricle is enhanced.* 
The increased volume of the adrenal secretion insuring a corre¬ 
sponding augmentation of adrenoxidase in the blood, the meta¬ 
bolic activity of all organs is raised.* As this includes the 
heart-muscle, the latter is also better nourished and its con¬ 
tractile power is thus increased from another direction.* 

This applies as well to the arteries. Their walls being . 
supplied with blood richer than usual in adrenoxidase, their 
tonic activity is raised, and when the dose of the drug is suffi¬ 
ciently large they contract.* As is the case under the influence 
of digitalis, the arterioles are the first vessels (owing to their 
diminutive lumen) to show evidences of constriction.* An 
important difference between strophanthus and digitalis asserts 
itself in this connection, however, viz., strophanthus does not 
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excite the sympathetic center even when administered in large 
doses.* Hence the fact that, although almost as active aa an 
adrenal stimulant as digitalis,* strophanthns does not influence 
the arterioles aa energetically as does the former. 

Cush ay* states that “in the pulmonary circulation, the pressure 
is not raised by some of the [digitalis] aeries, such aa strophantliin and 
helieborein, while after digitalis a very distinct rise in the pressure in 
the pulmonary artery la sometimes seen. Yet,” lie adds, “a// of them 
increase the output of the right ventricle." lie characterises thesn 

E henomena a "paradox,” but their cause is self-evident when we take 
ito account the fact that it is this ventricle alone which receives the 
surplus of contractile Impetus afforded by the adrenal secretion. 

The fact that atrophanthus does not excite the sympathetic center 
as does digitalis, is shown plainly by its relatively feeble action on the 
arterioles. Fraser* estimated that ft was fifty times less active in this 
particular than digitalis. Balfour* states that, although its action is 
very much more marked on the heart than digitalis, it acta “one hun¬ 
dred times leas powerfully than digitalis on the muscles of the arter¬ 
ioles.” Pisani* also found clinically that stroplianthus acted but 
slightly upon the vasomotor system, though he observed increased 
arterial pressure and reduction in ihe pulae-rntc from 5 to 20 beats nor 
minute. Fraser, Delaaux and Yeo* observed but little change in the 
caliber of the blood-vessels. Tho arterial contraction does not even 
become very marked under the influence of large doses. Popper, and 
Gottlieb and Magnus** found that division of the cervicul cord or of the 
splanchnic does not prevent the rise of pressure, but these procedures, 
by causing relaxation of the arteries in the adrenals, increase the func¬ 
tional activity of the latter and cause a rise of pressure even apart from 
the drug. Gflnther,* after studying the action of the drug upon various 
kinds of animals, great and small, reached the conclusion that although 
atrophanthus was a vasoconstrictor, this action “was not marked in 
overaosage.” 

Strophanthus also provoked diuresis, but less actively than 
digitalis, owing to the fact that the absence of all influence on 
the sympathetic center deprives it of any action on the pro¬ 
pelling power of the arterioles.* The kidneys are merely stim¬ 
ulated, therefore, because they are rendered hypcncin ic with 
blood unusually stimulating in character, owing to the excess 
of adrenoxidase it contains.* 

The presence of hyperemia is made evident by the fact that 
Draache* and other observers found the secreting structures congested 
and hsmorrhagie in experimental animals after moderate doses of 
strophanthus. 
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Untoward Effects and Poisoning. —Large doses, or small 
doses given during a prolonged period, may produce nausea, 
vomiting, diarrhoea and marked diuresis, the heart's action 
and pulse being greatly slowed and strengthened. Muscular 
twitchings and abnormal reflex irritability may also occur. 
The heart muscle being likewise rendered overactive, and there¬ 
fore oversensitive, it is prone, like the other muscles, to exces¬ 
sive activity, contraction, and its diastoles become increas¬ 
ingly smaller; it finally fails to dilate at all, being found con¬ 
tracted after death. A general arrest of the vital functions 
follows at once: the temperature and tho blood-pressure fall 
rapidly, muscular weakness lapses into paralysis, and death fol¬ 
lows. 

FiirbringOT M and Hochhaus, out of 120 cases in which they used 
the drug, also observed three cases of sudden and unexpected death in 
which the drug had been used “in large doses and throughout a rather 
long time” As in every instance no post-mortem lesions capable of 
accounting for the untoward result were found, the authors ascribe them 
to the drug. Mayeur," Lemoine" and others have noted cumulative 
effects resulting in death in some instances after giving small doses of 
strophanthus during a prolonged period. If we were dealing with 
cardiac paralysis incident upon excessive vasoconstriction, as in digitalis 
poisoning, the heart would be found dilated, i.e., in diastole; but such 
is not the case. Fraser, Paul Bert, Gley" and others have found experi¬ 
mentally that strophonthin arrested the heart in systole. Other investi¬ 
gators have noted that it could arrest the heart in diastole, but this was 
obtained by applying the drug directly to the isolated heart—a procedure 
which, as we have seen, does not portray the behavior of drugs in the 
system. The sudden arrest of function this entails is exemplified by 
wood’s" reference to the experiments of Oleythat “after poisonous 
doses the pressure immediately or secondarily falls gradually to sero.” 

The treatment of strophanthus poisoning is described In a 
special section at the end of this volume. 

Thexapeutics.—Strophanthus is indicated in the same con¬ 
ditions as digitalis. Unfortunately, it cannot be used hypo¬ 
dermically, owing to its marked irritating action on the tissues. 
Its oral use is of advantage to replace digitalis for a time, 
though less effective and more ephemeral in its action. As it 
■does not affect the sympathetic center,* it will usually be borne 
without trouble by patients who cannot use digitalis. 


a, ins. 
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DRUGS WHICH RE8EMBLE 8TROPHANTHUS IN THEIR 
PHYSIOLOGICAL ACTION. 

The physiological action of apocynum and convallaria ia 
similar to that of strophanthus, tlie rise of blood-pressure 
provoked being also due to tlie increased metabolic activity 
in the vascular and cardiac muscles.* Sparteine stimulates the 
same centers as digitalis, but with less vigor as to the adrenal 
center.* The action on the sympathetic constrictors becomes 
paramount sooner, with the resulting hyperconstriction of the 
cardiac arterioles and depression.* 


STRYCHNINE. 


Physiological Action. —A prominent feature of the action 
of strychnine is that it stimulates the test-organ, and, there¬ 
fore, the adrenal center.* By thus increasing the volume of 
adrenoxidasc in the blood, it enhances oxygenation, and thereby 
the activity of the metabolic processes of the entire organism.* 

Wood and Cerna" obtained experimentally concordant results in 
dogs, showing that "the injection of strychnine produces an extraordi¬ 
nary increase in the respiratory air-movement, the increase varying from 
75 to 300 per cent." identical effects were obtained in morpliiniied and 
chloralized animals. This is sustained by Reichert’s 1 ** observations that 
the increase in heat production caused by the drug was a constant fac¬ 
tor, favorable to an increase of temperature. Kionka'* 1 found that tlie 
drug caused a marked elevation of temperature, and Mosso'" observed 
that this occurred even in a curarized dog. All this is confirmed by 
the fact ascertained by Obermeier, 1 ** that the production of carbon 
dioxide was greatly Increased. It is evident, therefore, that strychnine 
powerfully enhances oxygenation. 

The central origin of these phenomena was demonstrated experi¬ 
mentally by Strieker and Rokitansky. 1 ** Both these investigators con¬ 
cluded that strychnine was a stimulant of the respiratory centers. Tlie 
identity of tills center is suggestive by the fact shown by Schiff in 1850, 
Claude Bernard and others, that strychnine gives rise to glycosuria. 
Langendorff*** having found lactic (sarcolactic) acid in the urine, it was 
believed that glycosuria was due to excessive catabolism due to the con¬ 
vulsions provoked by the drug, but Demant 1 ** showed that small doses, 
totally incapable of causing spasm, also caused glycosuria. Langendorff 
reached the same conclusion after experiments in frogs. Now, we have 
seen, that as observed by Loeb, Lorand, Caselli, launois and Roy and 
others, lesions whieh stimulated the pituitary body gave rise to the 
sym p to m , and that it was produced by increasing the activity of the 
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oxidation ptrOCOieee, i.e., the production of adrenoxidmae, through exoito- 
tion of the adrenal*. Indeed, we have aeen that Blum, Barter and 
others caused glycosuria by injections of adrenal extract, and that Ber¬ 
nard prevented toxic glycosuria by diriding the splanchnic nerves, which 
contain the secretory nerves of the adrenals. It la by stimulating the 
adrenal center, therefore, that strychnine in c r e as es general o xida ti on . 
Stewart and RogofT* M have confirmed this action experimentally. 

Strychnine also stimulates directly the bulbar vasomotor 
center. 

That strychnine stimulates the vasomotor center Is recognised by 
all experimenters. Referring to the experiments of Richter, 1 " 8. Mayer*" 
and Vulpian, Manquut 1 ** states that it causes “a considerable elevation 
of the arterial pressure, which may attain the double of the normal 
level." Reichert"* was also led to conclude by a large number of experi¬ 
ments, that the drug raised the blood-pressure by an action on the vaao- . 
motor center, but he found also, as had Vulpian, Mayer and Klapp, m 
that after division of the upper portion of the spinal cord (the path 
also of the adrenal secretory nerves), strychnine could no longer raise 
the arterial pressure. 

Small therapeutic doses of strychnine, by thus increasing 
the oxygenizing property of the blood and simultaneously the 
vascular tone, enhance general metabolism and nutrition in all 
organa.* When the therapeutic doses are large, however, 
undue engorgement of the capillary system occurs,* and is 
manifested mainly by slight stiffness of the muscles, restless¬ 
ness, formication and other cutaneous sensations, the other 
senses becoming also more acute. 

Large therapeutic doses evoke the typical effects of the 
drug, i.e., twitchingB and “startings,” provoked by slight excita¬ 
tions of the surface, beginning usually with the muscles of 
the jaw, throat, neck and chest and extending to other mus¬ 
cles. This culminates into tetanic convulsions when toxic 
doses are taken; but in the genesis of these convulsions a new 
factor asserts itself, a marked exaltation of reflex activity- 
due to the highly oxygenized condition of the blood* and the 
raised vascular tension. The morbid process is as follows:— 

The general vasoconstriction caused by strychnine begins 
in tiie great central vascular trunks and affects only vessels 
supplied with a muscular coat,* excepting the arterioles (gov- 
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emed by the unaffected sympathetic center), which yield to 
the centrifugal pressure of the blood-stream.* The capillaries 
not being supplied with such a coat, the passively dilated 
arterioles thus become engorged with the blood forced into 
them by these deeper vessels and arc dilated.* This general 
capillaiy congestion (with highly-oxygenized blood) increases, 
as stated, the functional activity of all organs;* but prominent 
among these are (1) the cutaneous sensory end-organs whose 
sensibility to external excitation is exalted; (2) the spinal cord, 
whose sensibility to afferent impulses is nlso enhanced; (,‘i) the 
skeletal muscles, which are rendered overexcitable to impulses 
received from the spinal coni.* 

Hence, the convulsion produced by strychnine is a reflex 
phenomenon due to the interaction of three sets of organs, and 
is produced in the following manner: the morbidly sensitive 
(hyperoxygenized) sensory end-organs of the skin send un¬ 
usually violent afferent impulses to the (hyperoxygenized) over- 
excitable spinal cord, and this organ in turn sends exception¬ 
ally energetic stimuli to the overexcitable (hyperoxygenized) 
muscles.* 

Alluding to the action of strychnine on the vasomotor system and 
the manner m which the vessels are influenced, Cusliny"* states that 
"the constriction seems to affect mainly the internal vessels, while those 
of the skin and perhaps of the muscles are dilated, and the blood-current 
is, therefore, deflected largely from the internal organs to the skin and 
limbs." Dostre and Morat and Wertheimer"* found that strychnine pro¬ 
duced such an energetic dilation of the peripheral vessels in doses of 
0.002 to 0.004 gms. (Vn to y M grain) that it caused a marked blush 
of the mucous membranes of the lips, gums and tongue. DelPsenne 114 
also noted that strychnine was a powerful dilator of the peripheral ves¬ 
sels—a fact accounted for by the absence of a muscular layer in capil¬ 
laries; for, as Manquat"* says, it is the vessels supplied with a “con¬ 
tractile tunic" which are constricted by the drug, since these are the 
only ones which are supplied with vasomotor nerves. Indeed Wert¬ 
heimer observed that the peripheral dilation was most manifest after 
the blood-pressure had attained its maximum and disappeared together 
with the fall of pressure. The gravitation of blood towards the peri¬ 
phery is also emphasized by the clinical facts mentioned by Manquat, 
that “strychnine causes a painful exaltation of the sensibility of the 
organs of special sense, especially those of sight and hearing," and that 
“in medium doses (0.005 to 0.01 gm.—'/„ to 1'/, grains) tactile sensi¬ 
bility is augmented." 
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The rttle of the cutaneous sensory organs -in the genesis of convul¬ 
sions is illustrated by the experiment of Poulsaon,*" who found that 
when a frog was poisoned with strychnine the convulsions did not occur 
after the animal had been dipped in a solution of cocaine. Obviously, 
as stated by Cushny in reference to this experiment, the cocaine used 
"was sufficient to paralyze the sensory terminations.” Moreover, we 
know that a draught of air, the slightest touch or a loud noise is suffi¬ 
cient to provoke a convulsion in strychnine poisoning. 

That tho spinal cord is the source of the spasmogenic impulses is 
well known. But is its oveructivity due, as generally believed, to direct 
irritation by the strychnine, or to local hyperemia with overoxygenized 
blood? Various irritants applied to the bulbar cord, t.c., physical irri¬ 
tants (Magrndic), can provoke convulsions. As shown by Vun Deen, m 
Valentin and Spence, 11 ' strychnine will diJTuse itself in the blood of the 
brain and cord when placed on these organs, and provoke convulsions 
from muscle to muscle as it advances in the cord. Yet this does not 
prove that a dose, when ingested or injected, quite able to provoke con¬ 
vulsions, will act in the same wuy; it only shows that strychnine is, 
as elsewhere, a local irritant. Cushny, 11 * in fact, adduces evidence which 
led him to conclude that tetanus "can be produced in parts whose motor 
cells are unpoixoned." Again, Brown-SOquard and Martin-Magron and 
Buisson divided tho cord below the fore-legs, and isolated the lowef or 
detached segment of the cord from the circulation by dividing its blood¬ 
vessels. On injecting strychnine convulsions occurred only in the por¬ 
tion of the body connected with the upfier, i.c., normal, segment of the 
cord. Nor does this prove thut it was because the vessels could no 
longer carry strychnine to tho spinal cells of the lower segment that 
convulsions did not occur in the lower portion of the body, since destruc¬ 
tion of the vessels prevented the hyperiemia of the source of the spas¬ 
mogenic impulses, the corresponding urea of tho curd. Such a condition 
evidently exists in stiychnine* poisoning, for Wood refers to “indications 
of spinal hyperemia” observed at times pout-mart cm, while Cushny'* 
states that the local cellular changes seem “to indicate hyperactivity of 
the cell, which need not necessarily bo due to direct action of the poison 
on it.” 

The rale of tho adrenoxidase in the cord is exemplified in experi¬ 
mental results recently recorded by Burdon-Nanderson and Buchanan.'* 
These investigators (in refutation of views advanced by Baglioni) 
showed that “when the cord of a stiyclinixed preparation is alternately 
cooled and warmed by a stream of cold or warm water, tlia rest of the 
body being protected as fur as possible from the influences of the changes 
of temperature, the frequency of the responses variea according to the 
temperature to which the cord is exposed. As we have seen,"" the rOle 
of the adrenoxidase in the organism is to combine with the nueleo-pro- 
teid in order to liberate heat energy and thus enhance metabolism. The 
presence of an excess of adrenoxidase in the blood of the cord by raising 
metabolism in the cell-elements does, therefore, what immersion in warm 
water produced in Burdon-Handerson and Buchanan’s experiments, t.e., 
it increases its activity as the source of the stimuli transmitted to the 
muscles. That such an excess of adrenoxidase, and therefore a large 
reserve of oxygen, obtains is also shown by the fact that Meltaer and 
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fltltnt™ leapt an animal poisoned with strychnine alive thirty minutes, 
and free from cyanosis, dyspnea or asphyxia, by insufflating pure hydro¬ 
gen. Hits gas delayed death by interfering with the intake of oxygen 
and reducing the excess of vascular tension, the animal living all the 
while on the large volume of oxygen in his blood. Moreover, Evenlmf 1 " 
observed that an injection of strychnine enabled the patient to bear 
greater quantities of chloroform—another fact which the presence of a 
greater quantity of oxygen in the blood explains. 

Vulpian 1 * long ago concluded that “all spasmodic phenomena 
caused by strychnine are reflex in nature.” Claude lternard 1 ** cut all 
the posterior roots of the spinal nerves, in the frog. Having injected 
strychnine, convulsions occurred onlj when the segments of the nerves 
connected with the cord were stimulated. Obviously the cord required 
this exogenous excitation to produce spasm. According to Wood,** this 
experiment “demonstrates that the reflex motor ganglionic cells are in¬ 
capable of originating an impulse, and in strychnine-poisoning are simply 
In such a condition of orcrrjrcitabilitjf as rentiers them exceedingly sensi¬ 
tive to slight irritations and causes them to res|iontl most energetically 
to the feeblest stimulus, the convulsions always being therefore a reflex 
phenomenon.” ('usliny 1 * also concludes that convulsions “follow only 
on the passage of an impulse from without to the spinal cord.” Finally, 
that the convulsions are due to impulses from the cord to the muscles 
is shown by a simple experiment of Vulpinn’s, i.r„ division of the nerves 
to any one extremity. This procedure prevents stryclinic spasm in that 
extremity, though all other muscles take part in the convulsion. 

Poisoning. —A poisonous dose of strychnine evokes with 
more or less rapidity the symptoms caused by a large thera¬ 
peutic dose: stiffness of the face, neck and cheat; involuntary 
twitches; heightened reilex irritability; hypcrscnsitivcncss of 
the special senses, etc. More or less suddenly—sometimes 
within a quarter of nn hour nTter taking the dose—the convul¬ 
sions begin, the patient falling with the legs rigidly extended, 
the body being so bent backward as to rest upon (lie head and 
heels (opisthotonos). The facial muscles arc strongly con¬ 
tracted, the corners of the mouth being drawn out—the so- 
called risus sardonicus. All the morbid processes deserilicd are 
clearly discernible in this sequence of phenomenu. The par¬ 
oxysm finally lapses into tremor and intermittent muscular con¬ 
tractions, then ceases, leaving the subject in a state of intense 
exhaustion and calm. The slightest external excitation, a cur¬ 
rent of air even, suffices to bring on another paroxysm similar 
to the first, and this may be followed by a third. 
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In man, a favorable termination is probable when the con¬ 
vulsions gradually become lew intense and shorter, while the 
intervals become longer. Conversely, in unfavorable cases, the 
paroxysms become more intense until the vasoconstriction is 
such as to interrupt the circulation, as shown by the cyanosis 
of the lips and face. This interruption of the circulation is the 
main lethal factor, for it not only interferes with functions of 
the adrenals, but so reduces the vis a tergo motion of the blood- 
current that the venous blood laden with adrenal seeretion is 
not driven past the pulmonary alveoli with sufficient speed to 
form the minimum quantity of adrenoxidase required by the 
vital process at large.* The normal issue under such condi¬ 
tions is death from asphyxia—that observed in strychnine 
poisoning. 

The steady Increase of the vascular tension which ultimately leads 
to the fatal issue is well shown by the observations of Santesoon,"* that 
the action of strychnine on the terminal ramifications of the nerves in 
the frog increases slowly and progressively with the dose until a maxi¬ 
mum is reached, finally there comes a time when their action 1 b para¬ 
lysed. Vulpian and Poulsson 11 * also observed this paralysing action of 
strychnine on motor nerves. This is readily explained, however, by the 
intense vasoconstriction caused by the drug, for limmwti as motor 
nerves Incite functional activity merely, as we have seen,** 1 fay acting as 
stricto-dilators, i.e., by admitting a greater volume of blood in an organ, 
complete obstruction of the channels containing that blood must render 
the motor nerves useless, paralyse their action.* Indeed, after 
injecting a large toxic dose into the jugular of a dog, “the motor 
nerves,' as stated by Wood, were found “to have entirely lost their power 
of responding to galvanic or other stimulation.” Further proof that 
this is merely due to excessive contraction of the itrteries is afforded by 
the fact that it may be, as shown by Vulpian, only temporary, the motor 
nerves regaining the functional efficiency even before the effects of the 
drug have passed off. 

The inhibition of the adrenal functions is a normal consequence of 
ttie excessive constriction. The pituitary body and the heart, receiving 
finally a volume of blood quite inadequate to sustain their functions, can 
no longer continue its functions. 

Therapeutics. —The foregoing study of tho action of 
strychnine justifies the great confidence it has earned. In 
functional atony, the increase of adrenoxidase and the simul-, 
taneous stimulation of the vasomotor center provide not only 
the vital principle, but also the mechanism to increase the sup¬ 
ply of this substance to the enfeebled organs.* In the vari- 
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ona forma of paralysis, neurasthenia, etc., an important feature 
of ita action imposes itself, via., the increased circulation of 
nlrenoxidase-laden plasma in the nervous elements themselves, 
axis-cylinders, the network of the cell-bodies, the dendrites * 
etc., in addition to that supplied to the nerves through their 
nutrient arteries. In cardiac disorders, attended with local 
debility and vascular relaxation, strychnine, by stimulating the 
adrenal center, increasing metabolic activity in the muscular 
layer of the vessels and in the heart-niuscic proper,* affords 
precisely the conditions required to counteract the asthenic 
process. In alcoholism, strychnine, by enhancing the produc¬ 
tion of adrenoxidase, antagonizes precisely its evil effects,* 
•ince, as will be shown, it is by robbing the blood of its oxygen 
that alcohol produces its main toxic action.* In amblyopia 
due to alcoholism, the marked benefit strychnine affords is due 
to a similar action. In shock, a condition mainly due to paretic 
vasodilation, it strikes directly the depressed center,* increases 
oxygenation of the vascular walls* and restores the vascular 
tone to its normal state. Finally, in chronic bronchitis and 
other torpid processes, strychnine is of great value by increas¬ 
ing the oxygenizing power of the blood,* and stimulating 
thereby all the reparative functions.* 

DRUGS WHICH RE8KMRLE STRYCHNINE IN T11E1K 
PHYSIOLOGICAL ACTION. 

The physiological action of brucine differs in no way from 
that of strychnine. It is less active as a spasmogenic agent, and 
less reliable. 

Caffeine acts much as docs strychnine. It activates the 
adrenal center with even more vigor, however, thus increasing 
markedly the proportion of adrenoxidase in the blood.* Al¬ 
though its action on the vasomotor center is less marked, it is 
sufficient to raise the tone of the vessels and heart, the nutri¬ 
tion of these organs being materially aided by the increased 
oxygenizing property acquired by the blood under its use.* Its 
indications are practically those of strychnine. ItR marked 
.action on the vascular system and the heart has also caused it 
to be used as a substitute for digitalis. 
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COCA AND COCAINE. 

Phydologioal Action. —Cocaine owes its therapeutic prop¬ 
erties to the fact that it stimulates (1) the test-organ and 
through it the adrenal center,* and (2) the vasomotor center. 
Its action on the adrenal center is very powerful, the adrenal 
secretion and its product adrenoxidase being increased in the 
blood even by small doses, while general metabolism is aug¬ 
mented in proportion as the therapeutic dose is increased.* 
This is the characteristic action of nontoxic doses of cocaine.* 

Cocaine Is more powerful m an adrenal stimulant than either 
belladonna, digitalis or strychnine. E. T. Reichert 1 " refers to it as “a 
thermogenic of extraordinary power.” He found 111 that in dims "general 
metabolism is distinctly increased even by small doses, and that the 
extent of the increase is proportional to the size of the dose.” In two 
series of experiments, for instance, the heat-production was increased 40 
per cent, by a dose of 0.002S gm. per kilo of body weight, and 146.0 per 
cent, by one of 0.01 gm. per Inlo, the mean temperature rise in the first 
series being 0.65° C. (1°F.) and 1.81 D C. (8.28“ F.). With still larger 
doses the rectal temperature rose beyond this (2.10° C.—4.04° F.) before 
the experiment ceased. Indeed, Wood 11 * states that “the rise of rectal 
temperature in cocaine-poisoning sometimes amounts to as much as 8° F.” 
(4.44° C.), and moreover that the drug "is a powerful stimulant to the 
respiratory centers”—a conclusion based on the investigations of von 
Anrep, Mosso and others. That the adrenal center—the respiratory cen¬ 
ter—Is the source of the impulses which provoke these effects is shown 
by the fact pointed out by von Anrep, Berthold 1- and Reichert,’ 11 that 
preliminary division of the upper portion of the spinal cord prevents all 
the effects of cocaine. By increasing the secretion of the adrenals its 
action on the heart may become sufficient to arrest it in systole—the 
characteristic final effect of cocaine on this organ, according to Faction 
and Moulinier. 1 " * 

Similar effects are obtained from the coca plaint itself. Gazeau 
found that coca leaves taken daily increased the respiratory activity, the 
temperature, and the excretion of urea: 18 gm. (4 1 /, drachms) taken 
daily increased the output of urea 11 per cent., and 20 gm. (S drachms), 
1® P er J™ n *- The latter dose accelerated the pulse and the respiratory 
rate. These observations were confirmed by Espinosa. Montegazza had 
previously observed an increase of temperature. Gazean, Morton, 1- 
Haig 1 " and Mortimer, >— all assert that it frees the blood of products of 
tissue-waste—a property due, as is well known, to increased oxidizing 
power. 
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The direct action of cocaine upon the vasomotor center is 
much less pronounced than that of strychnine.* Though it 
raises markedly the blood-pressure, this is mainly due to the 
fact that its powerful stimulating influence upon the udrenal 
center and the general increase of metaltolic activity this 
entails, affect likewise the heart-muscle and muscular elements 
of the blood-vessels, arteries and veins.* The volume of blood 
driven into the capillaries of all organs is therefore increased 
(by the contraction of the larger vessels), but not excessively, 
as it is by drugs which excite violently the vasomotor center.* 
The increase of volume, however, plus the marked gain of oxy¬ 
genizing power acquired by the blood, represent the immediate 
effects to which coca and cocaine owe their therapeutic action.* 

That cocaine raises the blood-pressure linn been shown by von 
Anrep, 1 * Vulpian, 1 " La horde, Nikolsky, Danini, Reichert 1 " and others. 
The fact that the arterioles take part in the general constriction is indi¬ 
cated by the observation of Piirdufl 1 " that the narrowing of the arteries 
of a rabbit's ear, which occurs after cocaine lias been ingested into this 
animal’s blood, is prevented if the cervical sympathetic of the iorrc-' 
spending side is severed. According to Mortimer,’" coca, given inter¬ 
nally, also “contracts the peripheral arteries." Thnt all these effects 
are originally of central origin is shown by the fact thnt when _tho 
adrenal and vasomotor paths are severed, they cense. Thus, Danini, 
Borthold 1 " and Reichert found that after section of the spinal cord nlona 
or with the vagi, cocaine no longpr distinctly Increases the blood- 
pressure. 

Tlio crowding of the highly oxygenized blood into the peripheral 
tissues causes the effects of cocaine to resemble those of belladonna. 
Thus, Cushny’" states that “the pulse is accelerated, the respiration is 

S uick and deep, the pupil generally dilated,” and that “headache and 
ryness of the throat are often complained of.” The fugacious pre¬ 
liminary slowing of the heart's action, also olwcrvcd under atropine, was 
noted by both Vulpian and Arloing, while dilation of the pupil lias been 
noted by Roller, Terrier, 11 " La horde,’" von Anrcp and others. It occurs 
also fifteen to twenty minutes after a solution of cocaine has been 
applied. Cocaine also, as stated by Manqiiat, causes a slight paresis of 
accommodation and increases pain in glaucoma, thus showing that it 
increases intra-ocular tension—as does atropine. 

The effects of the coca plant are evidently similar. Rliuttlcworth 1 " 
noted that it caused dryness of the throat; Mantcgazza" 1 and tJaacau*" 
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both observed acceleration of the pulse. Mortimer*** says that "after 
mastication of a great quantity of coca, the m seems unable to bear 
light,” and that “there is marked distention of the pupil,” referring to 
the observations of Tschudi,*** Schroff 1 ** and others. 

It is owing to its powerful stimulating action upon the 
adrenal center and its less marked, though effective, action on 
the vasomotor center, that coca and cocaine owe their energetic 
exdto-motor properties.* The volume of blood supplied to the 
tissues is not only greater, but, its oxygenizing virtues being 
unusually high, the intrinsic metabolism of all cellular ele¬ 
ments is correspondingly enhanced.* It is through this prop¬ 
erty that coca activates the nutrition of all muscles.* The 
muscle fiber is also enriched in those substances which serve 
to cause its contraction, since the surplus of adrenoxidase in 
the blood likewise augments the functional activity of the liver 
and of the leucocytogenic organs.* The carbohydrate reserves 
(the most important of which is glycogen) are thus supplied 
to the muscles in greater quantities (though commensurate 
with the supply of adrenoxidase), and the potential energy 
which the increased nutrition supplies can thus be converted 
into a correspondingly greater amount of muscular work.* 

Momo found that in warm-blooded animals, including man, mus-. 
cular excitability was increased by small doses. Fuster, in experiments 
upon himself, experienced marked muscular agitation and tremors, with 
impulses to physical movements. Benedicentr** also found ergographi- 
cally that cocaine raised not only the contractile energy of the muscles, 
but also their power to resist fatigue. Ott showed that the contractions 
were prolonged. The convulsions caused by toxic doses occur, as observed 
by Grasset,**' live or six minutes after the drug has been injected, and 
may be brought on by peripheral excitation, thus showing, in accord 
with the conclusions of Mosso, von Anrep, and Soulier and Guinard, 1 ** 
that the reflex activity of the spinal axis is markedly increased. This in 
not due, as generally believed, to a local aetion of the drug, but to the 
excess of adrenoxidase in the plasma of the nerve-cells.* 

The leaves of the coco plant have been extensively used by the 
natives of Peru, Bolivia and other South American countries, to increase 
their muscular strength and endurance. According to various medical 
authors, Tsehudy,’" Unamifl,” Moreno y Mai* 1 * 1 and others, who wit¬ 
nessed its use in these countries, tin plant undoubtedly possesses this 
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property. Sir R. Chrietieon*" observed experimentally upon himself 
that It removed extreme fatigue and prevented it, suspending also hunger 
and thirst. Reichert 1- also found that under restricted diet, and even 
in the absence of food, coca enables its user to do more work than under 
normal conditions. 

Mortimer 1 ** concludes that the increased muscular power is caused 
by coca “through the excitation of the hypothetical ferment of the con¬ 
tractile element.” That such an action prevails—though indirectly—is 
evident from the facts 1 have submitted. Indeed, the function of adren- 
oxidase is dual here, as it is in all tissues: it takes part in the intrinsic 
metabolism of the muscular protoplasm as it docs in that of nil cells, a 
function which, in its catabolic phase, utilise* the ferment or hydrolytic 
triad. 1- This is the trophic element of the process, however—that 
through which the life or the inuscle-cell is sustained as well during 
r e pos e os during contractile activity. This dors not mean that coca or 
cocaine supplies nutriment to the muscle, but that it augments it* func¬ 
tional activity by raising its power to utilise Uie nutrient materials that 
are available. 

The anaesthesia produced by the local application of 
cocaine is due, as is well known, to a marked vasoconstrictor 
action. The tissues, including their sensory terminals, being 
deprived of blood, lose their sensibility. This property of 
cocaine differs entirely from that of the same agent when it is 
used internally—the only action which enters within the scope 
of this work. 

Untoward Effects and Poisoning. —An excessive dose 
of coca produces mental excitement and an exacerbation of 
muscular power, but this is apt to be followed by general weak¬ 
ness, especially of the legs, cutaneous horripilation, coldness 
and difficult locomotion. These are obviously the after-effects 
of excessive intrinsic muscular metabolism. 

Cocaine , in toxic doses—which include small as well as 
large doses—gives rise to symptoms due in practically all cases 
to excessive excitation of the adrenal center. This is aggrav¬ 
ated, however, by a concomitant rise of the blood-pressure 
through supranormal metabolism in the muscular layers of the 
blood-vessels, a corresponding overaction of the cardiac muscle 
from the same cause and excitation of the sympathetic center. 
As a result, blood excessively rich in adrenoxidasc is forcibly 
driven into all organs. The following phenomena are pro¬ 
duced: the cerebral hyperacmia provokes marked excitement 
and hallucinations, the patient being very talkative, wakeful. 


»“ air R. Chrtstl son: Brit. Med. Jour.jApr. 
* Hal chert: Unlv. Med. Msg., Oct., 1*0. 

*** Mortimer: hoe. elf., p. 4*0. 
ms Of. thls vol., p. Ml. 
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and perhaps anxious and confused. The pulse is accelerated, 
the respiration rapid, the mouth and throat dry, and the pupils 
dilated. Gradually as the general vasoconstriction increases 
these symptoms become more marked, and profuse perspira¬ 
tion, creeping sensations in the skin, convulsive movements 
and precordial distress appear; the cardiac action becomes 
extremely rapid and irregular, the respiratory movements like¬ 
wise, dyspnoea becoming steadily more marked. If the toxic 
dose be not too large, these phenomena may gradually disap¬ 
pear, leaving the patient extremely weak, especially in the 
lower extremities. Otherwise violent tonic and clonic convul¬ 
sions appear, and death occurs in the midst of a paroxysm. In 
such cases the heart is found tightly contracted. Its diastoles 
become more and more restricted, and the volume of blood 
raised is gradually lessened until finally it ceases to dilate. 
This mode of death is due to excessive stimulation of the 
adrenal center and to paralysis of the heart by excessive con¬ 
traction* of its ventricles.* 


In some cases, especially when the toxic dose is very large, 
the convulsive stage does not appear; the patient, after a few 
of the preliminary symptoms, lapses into a state of profound 
collapse, the pulse being weak, small and intermittent, and 
sometimes slow. The heart here, though still active, is unable, 
owing to the cramped condition of its walls, to dilate suffi¬ 
ciently, and, too little venous blood being sent to the lungs dur¬ 
ing each contraction, respiratory failure occurs.* The respira¬ 
tions become increasingly slow and shallow; the skin grows 
eold, clammy and cyanotic, and death follows, but due in this 
case to respiratory paralysis. 


Death from eocaine-polaoning !■ evidently not due to inhibition of 
the heart. Faction and Moulinier 1 "* found tne ventricles tightly con¬ 
tracted and the auricles dilated. That a relatively email doee may pro¬ 
duce such effects is well shown by the following case reported by Tivy*" 
—on® of urethral stricture with retention of urine. He states: “I 
Tesolved to get a small catheter or bougie into his bladder if possible. 

**yo the patient some of the pain and so facilitate the prows 
I decided to iisject some solution of cocaine into the urethra beforehand. 
? therefore injected half a drachm of a 10-per-oent. solution of eocaine 
hydrochloride with a glass syringe Into the urethra in the ordinary way. 
telling the patient to hold the penis In his fingers to prevent escape. ! 


•Author's cnsrissloa. 
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than laft the patient with the wardsraan who wu tttndiag me, and 
turned to wash my hands; but before 1 could get to the end of the 
ward the man called to me, and 1 returned Immediately. 1 than found 
thi patient in a state of clonic convulsion, with his back arched, and 
Jumping up off the bed. His jaws were moving spasmodically, and be 
had bitten nls tongue. His face was somewhat cyanoaed and his breath¬ 
ing very spas m odi c and slightly stertorous. The eyeballs were Axed and 
the lids half dosed. I could not feel a pulse at the wrist, but his arms 
were jerking so forcibly that it was not easy in any case. 1 put my 
ear to the chest and heard the heart beating. His breathing rapidly 
b eca me shallower and convulsions lessened in force, and In about a 
minute respiration ceased, the cyanosis increasing; I put in a gag, 

K lled out nls tongue, and began artificial respiration, and the Sister 
night me a hypodermic syringe of brandy, whieh she injected while I 
continued the respiration. I also had a hot stupe put over the heart, 
but when I listened again the beats had ceased. I persevered with artifi¬ 
cial respiration for a quarter of an hour ami had the brandy repeated, 
but with no effect, as the patient never rallied, and was, I believe, dead 
In about three minutes from the time of injection. I made a. post-mor¬ 
tem examination the next day and found all the organs fairly healthy. 
The kidneys were congested but not diseased, the spleen was enlarged and 
fleshy, ana the liver showed signs of cirrhosis. The heart had apparently 
stopped in systole, as all the chambers were empty.” Thu participation 
of the entire muscular system in the morbid process and the influence 
on the heart are clearly shown. 

The second mode of death is rutlly but a slight modification of the 
first. The “cramped” heart, instead of stopping outright, continues its 
functions in an imperfect manner; it necessarily fails to satisfy the 
needs of the respiratory process, and the function, ns a whole, sooner or 
later comes to a standstill. A suggestive fact in this connection Is tho 
observation of Dujardin-Beaumets 13 ' that doses no larger than 0.01 or 
0.02 gm. (V* to V, grain) never caused syncope in his cases when the 
patient was either standing or sitting. In the recumbent position the 
heart's tendency to become arrested in systole, t.e., in the cramped state, 
la increased, since the upright position, by augmenting the intra-ventri- 
cular resistance of tho blood-column, tends to prevent contraction of the 
ventricles. 

Chronio Cooainim.—The stimulating action of cocaine 
upon tho adrenal and sympathetic centers is attended, when 
any but very small doses penetrate the blood-stream, by an 
unusual expenditure of local latent onezgy, followed by a period 
of depression and recuperation. Gradually, as the doses are 
repeated, the recuperative power of the centers decreases and 
the depression experienced not only persists, but tends to lapse 
into prostration, especially in neurotic subjects. Soon the dis¬ 
covery is made that this prostration, which entails apathy, 
apprehension, inability to do satisfactory work, etc., is at once 
antagonised by the drug itself. Strength, agility, self-confi¬ 
dence, etc., return, but continue only as long as the effects of 
the drug last. Stimulated, the adrenals have temporarily 
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enriched the blood’s supply of oxidising substance; stimulated, 
the sympathetic centers caused the enriched blood to be driven 
vigorously into the tissues and the entire nervous system. Yet 
the centers, having sacrificed a correspondingly great amount 
of their energy, become increasingly less responsive to the 
exciting influence of the drug, and gradually, as the prostra¬ 
tion augments after each exacerbation of activity, the dose must 
be increased in order to insure satisfactory effects. Finally the 
patient shows evidences of rapidly-developing marasmus—the 
result of the general vasodilation and the deficiency of adren- 
oxidase which the debility of the adrenal center entails. The 
skin assumes a pale yellowish color, the extremities are cold; 
digestive disorders, due to relaxation of the gastro-intestinal 
muscular elements and deficiency of digestive ferments, ap¬ 
pear, with anorexia and emaciation as normal sequences. The 
sympathetic center also losing its hold upon the arterioles, there 
occur hallucinations of vision, hearing, taste, smell and cutane¬ 
ous sensibility—the patient imagining that foreign bodies, 
creeping bugs, etc., are present in his skin—insomnia, delirium 
and delusions of persecution, sometimes attended with furor, 
during which the patient may injure himself or others, con¬ 
vulsions, general paralysis and insanity. 

The experiments of Reichert'** in dogs clearly illustrate another 
fact, *.«•., the depression which the active effects of cocaine produce: 
the 0.0025 gm. dose (per kilo weight) increased the temperature 
0.55° C. t but caused no subsequent depression; the 0.01 dose raised it 
1.81” C., but it became subnormal during the third hour; in the two suc¬ 
ceeding experiments with still larger doses the temperature, after a 
marked rise, also became subnormal and continued so throughout the 
experiment. In man, as stated by Norman Kerr:"* “When the dose 
taken has been relatively immoderate, the depression and nervous debil¬ 
ity may remain for days or till the next dose." 

The treatment of cocaine poisoning is described in a special 
section at the end of this volume. 

Therapeutics.—Apart from its local action (a feature of its 
use, which does not enter within the limits of thiB work) cocaine 
is of great value in all disorders in which general adynamia 
prevails. Unfortunately, the vigor with which it overcomes the 
symptoms, by stimulating the adrenal center, whose 
debility underlies the morbid process,* is so gratifying to the 
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patient, if adequate doses arc taken, that lie is exposed to tlic 
danger of indulging inordinately in its use, i.e„ acquiring the 
cocaine habit. To avoid this, small doses or, better still, 
preparations of the coca plant should be prescribed, the aim 
being to raise gradually the functional efficiency of the adrenal 
center to its normal standard. This measure avoids also the 
depression which follows the use of large doses. 

I have not given cocaine itself internally since the first two years 
of its appearance on tlie market, over twenty years ago; two experi¬ 
ences having shown me its dangers. I use a preparation of uniform 
strength, the Mariani coca wine, which contains ’/„ grain (0.006 gni.) 
of cocaine .to the ounce (as one of the constituents of the coca leaf), and 
prescribe it in the regular way, avoiding the word "cocaine" (Vinum 
Erythroxylon C. Mariani), and directing that it he put up in an ordinary 
pharmaceutical bottle. While ordering one ounce to be taken three 
times daily, however, I give simultaneously digitalin (’/„ grain—0.006 
gm.) t or strychnine C/ a grain—0.001 gin.), and lay stress on the impor¬ 
tance of the last-named drugs. The patient's attention is thus diverted 
from the cocaine, and experience hns shown that lie is not rx|Kised to the 
danger of becoming a eoeainomoniac. Mariani wine has of late contained 
no cocaine, however, and the uncertain U. S. 1*. wine of coca is alone 
available. 

Coca and cocaine have been found of especial value in 
neurasthenia, debility and retarded convalescence, owing to ila 
effects on general metabolism not only upon the muscular tis¬ 
sues, but also the nervous elements proper.* This accounts also 
for their value in all forms of paralysis dependent upon general 
asthenia, and in melancholia due to cerebral ischiemia. In car¬ 
diac disorders in which functional atony and dilution prevail, 
they serve much the same purpose as digitalis, strophanthus 
and kindred drugB.* Their beneficial effects are espccia'ly 
marked in the weak heart of delayed convalescence from debil¬ 
itating diseases, influenza, for example. This applies also to 
torpid catarrhal processes and particularly to chronic bronchitis, 
the increased vigor of cardiac contractions and the greater oxy¬ 
genizing power of the blood serving to increase the circulatory 
activity in the bronchial mucosa* and to incite and hasten reso¬ 
lution. In disorders of the gouty series, migraine, asthma, etc., 
they tend to prevent the recurrence of accesses by increasing the 
oxygenizing and antitoxic properties of the blood and,* there¬ 
fore, its power to break down the toxic products* of imperfect 
metabolism, while simultaneously, by activating the metabolic 
process itself, preventing the formation of toxic wastes.* They 
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also afford material aid in the asthenic stage of infections dis¬ 
eases, typhoid fever, yellow fever and emoUpox especially, by in¬ 
creasing the blood’s asset in auto-antitoxin* ** and by sustaining 
the contractile power of the heart. Coca is one of the most 
efficient agents at our disposal in the treatment of alcoholism; 
by stimulating directly the teBt-organ, and through it the 
adrenal center,* it counteracts the debilitating action of alcohol 
on tliia center and the craving for alcoholic stimulation. 


QUININE. 

Phydologioal Action. —Moderate doses of quinine stimulate 
the general vasomotor center and cause general vasoconstric¬ 
tion. Contraction of the central vascular trunks being thus 
produced, the blood supplied the peripheral - vessels is in¬ 
creased,* and the reflex sensibility of the cutaneous sensory 
nerves is correspondingly influenced. 

“Quinine,” uyi Manquat, "always causes. In the state of the ves¬ 
sels, modifications related to those of the pressure. Weak doses give 
rise to vasoconstriction and large doses to a vasodilation." This was 
conclusively demonstrated experimentally by H. A. Hare,*” who observed 
that in frogs under the influence of quinine, the vessels were much more 
contracted (their walls being also thicker) than those of normal frog*- 
Von Schroff, 1 " in accord with this observation, had found that quinine 
caused a preliminary rise of blood-pressure, an effect also noted experi¬ 
mentally by Schtockow, 11 * Block, Neisaner,"* Jerusalimsky, u * See and 
Bochefontaine u * and others. It is further confirmed by the fact that 
the peripheral congestion caused by the constriction of the central vas¬ 
cular trunks becomes sufficiently marked to greatly Increase the sensi¬ 
bility of the cutaneous nerve-endings. This was first observed by 
8chlockow, who found that quinine increased the skin’s reflex activity. 
Heiibach ,TT and Cerna 0 * reached similar results experimentally, but 
found that this was produced only by very small doses; they also con¬ 
clude that since it was prevented by ligation of the abdominal aorta, it 
was to be ascribed to overactivity of the peripheral sensory nerves. 

This indicates that the general vasoconstriction is of central origin, 
for, as we have seen, convulsions are caused In frogs by excessive stim¬ 
ulation ( i.e., hyperemia) of the cutaneous sense-organs, such as that 
produced by quinine and other alkaloids of cinchona. Albertonl m found 
that the convulsions thus produced by dncbonldin in pigeons occurred, 
even though the cerebrum had been removed, provided the drug were 
injected after the animal had been given time to recover from the abode 
of the operation. This shows that the indirect cause of the convulsions 
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originated not in the cortex, but in structures below the brain. Tmlsrwl. 
they occurred also in dogs alter destruction of the cortex. Moreover, 
Jorusalimalur found that the rise of blood-pressure caused by quinine did 
not occur after transection of the spinal cud, which, of course, 
the vasomotor paths. 

Larger therapeutic doses likewise stimulate the general 
vasomotor center, but this action is soon supplemented by 
another, i.e., direct stimulation of the sympathetic center, and, 
as a result, by increased propulsive activity of the terminal 
arterioles.* The peripheral vessels arc thus not only supplied 
with an unusual volume of blood, but the pressure to which the 
terminal arterioles'submit the latter as it passes through them 
forces the blood into the cutaneous capillaries with sufficient 
violence, generally, to cause marked flushing.* A sensation 
of fullness in the head and cars, due to cerebral hype rami ia, 
may be accompanied by more or less severe headache, tinnitus 
and deafness, the latter being sometimes permanent, especially 
when the use of the drug is continued. 

Occasionally hrematuria, purpura, erythema and subdermal 
swelling appear, the latter phenomenon being due to the fact 
that the blood or its scrum is forced through the walls of tho 
capillaries, owing to the centrifugal pressure exerted upon them 
by the blood-stream.* 

The cardiac action is accelerated and strengthened under 
these conditions, the heart-muscle receiving a greater influx 
of blood. 


The intense hyperemia, of the capillaries is well shown by the 
Investigations of St. John Rooaa"* and Klrehner,* the first-named 
investigator having found that in adequate doses the drug caused eon* 
of the middle ear. Ktrehner not only confirmed this obaerva* 
fou 


internal ears and in the fourth ventricle. The latter phenomenon allows 
that the aural symptoms are due to a general excessive engorgement of 
the capillary system, the blood, as in hasmaturia and the cutaneous vas¬ 
cular lesions, causing often actual rupture of the vessels. This is Illus¬ 
trated fay the familiar fact that quinine often provokes eplstaxls, with 
crnaiderable relief, sometimes, of the severe headache caused by the drug. 


Quinine ia poisonous to many organisms, including 


amoeboid cells. So marked is this action that adequate doses 


check the amoeboid movements of the leucocytes themselves 


and prevent their migration from the vessels. The tissues 
failing to Teceive their usual proportion of nucleo-proteid 
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granules,* nutrition is lowered. Hence* the decreased elimina¬ 
tion of urea caused by excessive doses of the drug. 

It is to its direct action as a toxic upon the plasmodium 
malarias that quinine produces its beneficial effects in the vari¬ 
ous malarial fevers. It destroys not only the amcBba, but 
its spores, and thereby breaks up the morbid cycle. The 
activity of this process is enhanced by the stimulating action 
of the drug upon the vasomotor center; the blood being driven 
in greater quantities into the capillary system and the liver, 
a fever-like process is awakened, in which the drug acts as the 
immunizing agent.* The volume of blood in transit through 
the capillaries is sufficiently increased in some instances to pro¬ 
duce a rise of temperature reaching sometimes 105° F. 
(40.6° C.). In such cases the adrenal center is also stimulated 
by the drug.* 

The toxie action of quinine upon the leucocytes was first shown by 
Bins 1 * in 1807. Bo marked was its action in this particular that areas 
of inflammation in the mesentery of frogs produced by the local applica¬ 
tion of mustard failed to be invaded by leucocytes when quinine had 
been given to the animal, while they were present in great number in 
the untreated animals. This has been confirmed by Maurel,** Pouchet"* 
and others. Fitch"* found that in animals poisoned with quinine the 
polymorphonuclear leucocytes are considerably reduced in number. 
These leucocytes are the neutrophiles—those which, aB I have shown,** 1 
take up the food-products from the intestine. The result of this destruc¬ 
tion of leucocytes, which necessarily diminishes the supply of granula¬ 
tions to the tissue-cells and metabolism is self-evident: deficient nutri¬ 
tion of the entire organism. That quinine produces, in fact, a marked 
diminution of urea excretion lias been noted by many observers. Re¬ 
ferring to this evidence, and particularly to Prior’s, 1 *' Wood, Sr. and 
Jr.,"* write, “we are warranted in believing it established that quinine 
powerfully depresses the elimination of the nitrogenous excretory prin¬ 
ciples.” 

The direct action_of the drug on the plasmodium is generally recog¬ 
nised. As to the febrile, process sometimes awakened by quinine, cases 
have been reported in which the temperature rose several degrees. Thus, 
A. L. Goodman 1 " refers to a case in which the drug raised the tempera¬ 
ture from 99° to 103.2* F., twice, the temperature receding when the 
drug was withdrawn, and he refers to many reported coses, including 
nineteen by Prof. Tomasselli, of Catania, in some of which the tempera¬ 
ture reached 105° F. (40.6° C.). 

Luca, 111 in a study of the relative value of the administration of 
the drag by the mouth or by hypodermic injection, ascertained that the 
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quantity in the blood b at first very minute, but that it increases grad¬ 
ually, the nmdmmn being reached in an hour. This is doubtless due 
to the feet that, aa held by Lombard and Carles,*** leucocytes ingest 

S uinine and are poisoned by it. The alkaloid then pauses out into the 
lood again or is promptly secreted by them cells. Luca found also that 
the parasite of malaria was susceptible to a minute proportion of the drug. 

Untoward Effects and Poisoning. —In subjects unduly 
susceptible to its effects, owing to hypcrsensitivcnc** of the 
sympathetic centos,* very smull doses of quinine have caused 
untoward effects. Under normal conditions, even moderate 
doseB (15 to 30 grains—1 to 2 grams), by unduly stimulating 
the sympathetic center,* become harmful. They provoke such 
powerful contraction of the arterioles that the penetration of 
blood into the capillary system is interfered with.* As a 
result, the peripheral hypenemia caused by the smaller doses 
is replaced by amemia of the cutaneous capillaries.* This 
naturally entails lowering of the teinperiilure of tliu surface; 
hence the antipyretic effects of the drug, when administered 
in large doses. 

The arterioles of the various structures of the eye being 
likewise excessively constricted,* the quantity of blond supplied 
to them is correspondingly diminished. The vision may thus 
become impaired, or total blindness inay occur, sometimes quite 
suddenly. Quinine amblyopia usually disappears gradually, 
however, after the use of the drug is discontinued. The light 
reflex is usually absent and accommodation may also become 
impossible. Nystagmus, strabismus and anaesthesia of the con¬ 
junctiva have also been observed. The pupils are dilated when 
the constriction of arterioles* of the sphincter muscles of the 
iris is sufficiently marked. 

The corresponding constriction of the terminal arterioles* 
in various other organs also interferes with their functions: 
the cerebral (capillary) anaemia gives rise to vertigo; that of 
the spinal system and the skeletal muscles to marked muscular 
weakness and a tremor resembling that of paralysis agitans; 
that of the lungs and in the body at large to marked dyspnoea; 
that of the myocardium to slowing and weakening of the 
heart's action. Collapse may then occur, death J>eing some¬ 
times preceded by convulsions. Such an issue, however, is 
extremely rare. 

* Amtkor'a nmrluHom. 
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All these morbid effects are Aggravated, when very large 
doses are taken, by the destruction of leucocytes which such 
doses provoke. 


as iuna ay wood,— "a permanent puqr of reflex activityThe 
cauee of this hae remained obscure. This may be said also of the anti¬ 
pyretic action of quinine. "While no eolation of this dilemma hae been 
offered as yet,” says Cuehny,*" "it seems extremely probable that the 
antipyre tie action of quinine is due to its retarding metabolism.” He 
characterises as a "paradox” also the fact that while "on the one hand, 
there is no question that the temperature falls,” "the combustion is cer¬ 
tainly not reduced to any notable extent.” Another unexplained faet is 
that noted by de Mussy In 1871, and more recently by Huchard,”* that 


arterioles is taken into account: the palsy of reflex activity is due to 
the reduced volume of blood in the capillaries; the temperature falls 
for the same reason, though combustions are not materially reduced; 
hsmonhsim are controlled because the constricted vessels no longer 
allow the blood to pass freely, and thus favor the formation of obturat¬ 
ing dots. 

The constriction of the ocular arterioles under the ii»flm»iM« of 


win (UN _ __ ____ 

both the iris and choroid were markedly contracted in most insta n c es ' 
those of the optic nerves always. He found the “quinine-amblyopia 
ischemia in the retina of all ca s e s, whether cured or not. As stated 
by Wood,*** "the ophthalmoscopic examination commonly, but not always. 
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"Wben the doses of quinine are large (1.8 to 8 gnu. [23 to 30grains]),” 
write Nothnagsi and Rossbach, “whether in man or animals, Airing dis¬ 
ease or health, the contractions of the heart and the vascular pressure 
istowered; moet observers (Briquet, Dum«ril, Beil, Sehlockow, Lewit- 
J jr-, TJ * berm rister) consider this as an indubitable and con- 
stut fact. Indeed, we are dealing, not with vasomotor spasm, but 
with spasm due to excitation of the sympathetic center, the terminal 
tlorge!" °* ^ throttled, as it were, as are those of the body 
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The treatment of quinine poisoning ia described in • special 
section at the end of this volume. 

Therapeutics. —The use of quinine as an antipyretic is 
now obsolete, other remedies and measures being preferable 
when hyperpyrexia (above 105° F.) is to be reduced to prevent 
haemolysis. Its tendency to produce destruction of the red 
qnd white corpuscles in large doses also argues against its 
employment in the febrile diseases. In all forma of malarial 
favor, and conditions due to malaria, neuralgia, enlargement of 
the spleen, etc., however, quinine is invaluable, its power ex¬ 
ceeding that of any other remedy. It is customary to precede 
its use by a mercurial purgative: the powerful stimulating 
action of mercury upon the test-organ and adrenal center 1 ” 
accounts for the increased effect thus obtained.* On the other 
hand, the production of malarial hamaturia , sometimes wit¬ 
nessed when quinine is given in intermittent fevers, is explained 
by the intense capillary hyperemia to which the drug gives 
rise,* and points to the need of moderation in its use. As a 
prophylactic against malarial infection, quinine is now of recog¬ 
nized value. This property is due to the cutaneous hyperemia 
which the drug produces* and to the fact that the parasite or 
its spores, when introduced into the tissues by the mosquito, 
at once meet blood which is toxic to them, owing to the presence 
of quinine in solution. 

It is also by producing capillary hyperemia, especially of 
the cutaneous tissues,* that quinine is beneficial in many other 
conditions. It can thus* abort acute coryza, tonsillitis, subacute 
bronchitis, etc., if taken early and in sufficient quantities: 3 
grains (0.2 gram) every two hours until slight headache or 
flushing of the face occur, when the dose is reduced.* The 
toxic wastes liberated in the blood through exposure to cold 
are thus promptly destroyed* where they have accumulated, 

in the superficial tissues.* Suppurative processes, boils, for 
instance, are promptly arrested by this treatment. In asthenic 
disorders, neurasthenia, quinine is of value by causing the nerve- 
elements, which are in reality all capillary blood-channels* to 
receive a greater volume of blood-plasma.* 
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DRUGS WHICH RESEMBLE QUININE IN THEIR 
PHYSIOLOGICAL ACTION. 

A number of drugs act much as does quinine, the varia¬ 
tions consisting in their action upon the different centers. 
Thus eucalyptus stimulates the adrenal, vasomotor and sympa¬ 
thetica centers, but mainly the latter. Indeed, when toxic 
doses are given, death » due to excessive constriction of the 
arterioles of the heart and failure of the respiration. Eucalyp¬ 
tus is much less effective than quinine, or, in fact, any prepara¬ 
tion of cinchona, as antiperiodic. 

DRUGS WHICH BECOME CONSTITUENTS OF THE 
TISSUE-CELLS. 

Closely associated with the drugs described in the forego¬ 
ing pages is the class of agents generally known as “nutrients,” 
in the sense that they are actual components of the tissues. 
They are of great value, therefore, as adjuncts to these drugs 
in appropriate cases, Bince the latter only stimulate function 
without contributing directly to the body’s resources. 

Iron owes its therapeutic value to several concomitant 
properties. Being a normal constituent of tissue and blood- 
cells, its beneficial effects appear only when it is actually 
required. It stimulates the adrenal center only incidentally— 
probably before it has assumed an assimilable form. Iti 
specific action, however, is to take part in the elaboration of 
hsanatin, of which it is the chief component, and to stimulate 
the bone-marrow—thus increasing the production of red cor¬ 
puscles. Its purpose in haematin being, as I have shown, to 
act as storage material (the link being its own affinity for oxy¬ 
gen) for adrenoxidase, pending the distribution of the latter 
to the tissues, iron thus enhances directly the blood’s all-im¬ 
portant function, oxygenation. 

In phosphorus we have another constituent of tissue-cells 
even more widespread than iron, and fully as important to the 
vital process. The various rdles I have ascribed to it in all 
organic functions, c.g., in the maintenance of the blood's tem¬ 
perature, in the body’s auto-protective processes, in the intrin¬ 
sic exchanges of the tissue-cells, including the nerve-cells, and 
the genesis of the nerve-impulse, etc., emphasise sufficiently its 
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therapeutic indication in adynamic disorders, especially those 
in which the nervous system has borne the brunt of the original 
pathogenic factor. Being, like iron, a component of the tissues, 
it affects the nerve-centers morbidly only when given in toxic 
doses. In therapeutie doses, especially when it forms part of 
an organic compound, phosphorus is building material, and is 
essentially beneficial as such when given with such agents as 
digitalis, coca, strychnine, etc., which activate metabolism and 
the mechanism of nutrition, without, however, as stated above, 
contributing directly to the body's assets. 


IRON. 

Physiological Action. —Iron being an important constit¬ 
uent of the blood and tissues, its effects become manifest only 
when the quantity available in the body is inadequate to satisfy 
the needs of the functions in which it tukes part.* The earliest 
beneficial influence obtained is an increase of general oxygena¬ 
tion, and, therefore, of general metabolic activity. This is due 
to an incidental stimulation of the test-organ and adrenal cen¬ 
ter by the iron carried thereto by the leucocytes.* As iron is 
likewise an active stimulant of the ba'iuatopoietic cells of the 
bone-marrow, the red corpuscles are increased in number con¬ 
comitantly with the volume of adrenoxidase in the blood.* 

The physiological action of iron is at present unknown. The 
increase of general oxygenation has !»een noted by various observers, and 
by some after the first dose. Wood*" Hays: “The studies of Pokrow- 
sky - * have shown that, in canes of anemia, after the exhibition of iron 
the temperature does rise, even when in the beginning it was not below 
normal, and that simultaneously there is an increase in the daily elimi¬ 
nation of urea”—experiments confirmed by Botkin In healthy men. 
“The increased oxidation cannot be due simply to an increase in the 
number of corpuscles,” continues Prof. Wood, "for while the latter 
accrue slowly, Pokrowaky found that the temperature sometimes rose 
within five hours after the exhibition of the first dose.” Von Noorden"* 
also states that "the salts circulating in the blood (medicinal iron) 
exert a powerful stimulus upon the hiematopoletic cells of the bone-mar¬ 
row, ana the result of this stimulation is an improvement of the blood." 

Asecond important effect of iron is to increase the propor¬ 
tion of haemoglobin. This metal ia the main component of 
hsematin, the coloring constituent of haemoglobin that remains 
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in the red corpuscles; it serves to hold the albuminous portion 
of the hemoglobin, i.e., the adrenoxidase, within these cells, 
pending its distribution.* While the adrenal center and the 
bone-marrow are being'stimulated, therefore, as stated above, 
the iron itself is absorbed by the red corpuscles to form haema- 
tin, and this pigment, owing to its affinity for adrenoxidase, 
forms haemoglobin—or, rather, oxyhaemoglobin.* 

The remarkable way in which iron increases the formation of 
hemoglobin, in chlorosis for instance, is as well known as is the fact that 
it is the most important constituent of bamatin. As to its functional 
connection with adrenoxidase, the reader is referred to the thirteenth 
chapter. Wc have Been that iron is taken up mainly from the duodenum 
by leucocytes; additional evidence to this effect was recently contributed 
by Mat*ner.“ It is then, as shown by many investigators, including 
Weltering*** and MacaHum,*” deposited in the liver, where, according to 
Weltering, Kunkel*** and others, it undergoes changes that lit it for the 
formation of hemoglobin. The researches of Quincke,”* W. 8. Hall,*” 
Schmey"" and others have shown that besides the portion converted into 
lisasflobln, any excess of iron was stored in the liver itself, the spleen 
and the muscles, particularly the myocardium. I have submitted in the 
first volume evidence suggesting that part of the iron in the liver was 
carried by eosinophile leucocytes to the capillaries of the alveoli, where 
it was absorbed by red corpuscles along with the albuminous portion of 
hamoglobin, the adrenoxidase. 

The presence of iron in chromatin, the living substance of 
cells, and in the nuclco-proteid out of which it is built, points 
to a third important action when this metal is administered to 
subjects in which it is actually deficient:* being endowed with 
marked catalytic properties, iron probably serves as a catalytic. 
The red corpuscle being a living cell, its hoematin, owing to its 
rich iron content, is its nucleus. The normal elaboration of 
haemoglobin is carried on through the iron-laden chromatin of 
nuclei derived from meats, fruit, vegetables, etc., which thus 
becomes the mother-substance or “haematogen” of haemoglobin. 
But once in the corpuscle, the life or working efficiency of its 
haematin (which remains in the cell) must be maintained. Its 
iron fulfills the identical rdle that the adrenal principle does 
in the tissue-cell, vis., the albuminous portion of the haemoglo¬ 
bin (the adrenoxidase), to which it is linked, serving as source 
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of oxygen, the catalytic process continues uninterruptedly until 
the corpuscle itself is worn out and destroyed.* 

Hammaraten refers to the now familiar fact that “the nucleo-pro- 
taids contain iron ” and that the aah of muacle (meat) contains from 
0.04 to 0.1 per 1000 parts.-* Iron waa found in chromatin by hlacal- 
lum,-* In the chromatin granules, Abrils and nodal points of the chro¬ 
matin network in the nuclei of animal and vegetable cells examined, and 
some ti mes in the cytoplasm. Moliach lu found that in the abeence of 
Iron, plants fail to form chlorophyll. The presence of assimilated iron 
was discerned by Ifaeallum even in the lowest forms of life, the protonoa. 
Bunge had been led to conclude that the chromatin of plants waa the 
mother-cubetance of hemoglobin; Macallum reached the aame conclusion 
as re gar ds both animal and vegetable chromatin. 

The catalytic property of iron is now generally recognised. A. 
Robin and Bardetf 1 * conclude in this connection that “all the researches 
of recent years tend to demonstrate that soluble oxides and the metals 
themselves, when in the colloidal state, can fulfill the part of ferment." 
As the albuminate formed in the stomach is a colloid and the adrenoxi- 
daaa converts the organic iron ingested into sn oxidase, we lisve the 
conditions required for this purpose.* Referring to the function of this 
ferment, Robin and Bardet remark: “One should say, fn truth, that 
they are catalytic ferments,” which “borrow from the left to deal out 
to the right.” 


Poisoning. —Poisoning by iron ingested by the mouth is 
rendered practically impossible by the fact that it is absorbed 
very slowly, the rest passing out by the intestinal canal. 
Attempts have been made to ascertain its toxic effects by 
injecting iron salts, such as the tartrate of iron and sodium, 
into animals. But introduced in this artificial manner, iron 
fails to undergo the preliminary gastro-intestinal treatment 
which prepares it for physiological assimilation.* The results, 
therefore, are apt to be misleading and are, at best, purely of 
academic interest. 


Therapeutics.—Iron is chiefly used in anaemia, and partic¬ 
ularly in chlorosis. As will be shown in the article on Anosmia, 
however, it is indicated in a limited number of cases, depres¬ 
sion of the functional efficiency of the vasomotor and adrenal 
centers accounting for the majority of instances in which 
pallor, muscular weakness, etc., are witnessed.* In the cases 
of true anaemia, those due to food containing an insufficient 
quantity of iron, its effects are, of course, striking, as they are 
in chlorosis. This is readily accounted for in view of the cardi¬ 
nal functions this metal fulfils in the economy. 



i: Lee. eit., > MS. IN*. _ . _ 

Lae. ell., luitep. of Brit. Amor. Adv. of Sd., vol. ISM. 


.. Akad.. Bd. dll. AM. I. B. CM. 
Bull. (da. do thdemp.. rob. S. 



1250 INTERNAL SECRETIONS IN PHAR11A06DTNA1CI08. 


PHOSPHORUS. 

Physiological Action. —The rflle of phosphorus in the or- 
ganiam is of cardinal importance in view mainly of its identity 
ss a component: (1) of the •nuclein of all cells, including the 
leucocytes;* (2) of the nuc leo-proteid granulations which these 
cells secrete into the tissue cells to take part in their vital inter¬ 
changes, and into the blood, to sustain (with adrenoxidase) its 
normal temperature;* (3) ot the thyro-paratbyroid ferment, thy- 
roidase;* (4) of the myelin of nerves, which, with the adrenoxi- 
dase circulating in the axis-cylinders and their networks in the 
myelin, generates the nerve-impulse;* (B) of the cell-bodies of 
all neurons and their dendrites as chromatin, sustaining therein 
(with their oxychromatin, adrenoxidase) their vitality and 
functional activity, as it does in all other cells;* (6) of bones, 
chiefly in the form of calcium phosphate. 

The human organism acquires itB phosphorus in organic 
combination from animal and vegetable foods, and it is in such 
a combination that phosphorus is absorbed. When, therefore, 
it is administered in an assimilable form in disorders due 
entirely or partly to deficiency of this element in either or all 
of the organic bodies enumerated above, it can, in suitable cases, 
restore function. 

The important function* I ascribe to phosphorus were reviewed in 
the fifteenth chapter, to which the reader ie referred. The far-reaching 
role of this element in the organism which the foregoing statements 
indicate, ie well shown by experiments of Forster 114 in dogs, which led 
this author to conclude that deprivation of phosphorus proved fatal more 
rapidly than actual starvation. The animals were fed on meat from 
which all the phosphorus in organic combination was as much os possl- 
ole removed artificially. The animals soon reached a condition of ex¬ 
treme exhaustion. Conversely, Pouchet and Chevalier,™ referring to 
the effects of organic compounds of phosphorus, state that "they increase 
nutrition, as shown by increase of weight; ameliorate nervous activity 
and muscular tonus; increase the percentage of hemoglobin—all phe¬ 
nomena which indicate marked synthetic assimilation under the influence 
of these compounds." 

The therapeutic effects of phosphorus are best obtained by 
administering this element in organic combination, the glycero¬ 
phosphates for instance. When phosphorus or any of its osi- 
disable preparations is used, it becomes oxidised in the stom- 
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sch by the adrenoxidase of the gastric juice, or In the intestine 
by that of the intestinal juice.* It is then absorbed as hypo- 
phorous or phosphoric acid, an inert substance which the organ¬ 
ism eliminates as a useless waste along with the phosphoric acid . 
derived from tissue metabolism. Hence the frequency with 
which phosphorus proves of no therapeutic value. 

Cunhny™ states that “the fate of phosphorus in the body is still 
obscure/' but that “it is possible that some of it is oxidised to phos¬ 
phoric acid.” Ranvier* 1 found that when phosphorus was introduced 
under the sldn, the only result was arrest of local nutrition. Being 
endowed with intense affinity for oxygen, it obviously depletes the neigh¬ 
boring tissues of theirs and becomes itself oxidised. (W* also found 
that phosphorus was oxidised fay the tissues. The presence of adrenoxi- 
dase in the tissue fluids fully accounts for this, since It forms part, as 
we have seen, of the gastric secretions. The oxidised portion of what 
phosphorus is inoested loses its toxicity, for, as stated by t’ushny, “as 
soon as it is < (diced, phosphorus loses Its specific action, all the acids 
being comparatively harmless." This has been emphasised by the re¬ 
searched of BAkay,"* Stassano and Billon,** Frenkel 0 * and others. The 
last-named author found that, “contrary to the affirmations of the par¬ 
tisans of phosphoric acid, the latter is incapable of assimilation by the 
economy, and is excreted in its totality." 

Untoward Effeeti and Acute Poisoning. —The presence of 
adrenoxidase in the blood* explains many facts which so far 
have remained obscure.* 

If the dose of phosphorus is sufficiently small, it may all 
lie oxidized and prove harmless. When, however, the dose is 
large, the secretions arc not alone deprived of their oxygen,* 
but the cellular elements of the gastric mucous membrane like¬ 
wise. Severe gastric pain, eructations of gas emitting a strong 
odor of garlic occur, and the patient experiences a sensation 
of heat along the oesophagus, with great thirst, headache, 
nausea, vomiting, the vomitus being often luminous in the dark 
—all due to a severe gastro-adenitis thus excited. Erosions 
may involve the local vascular supply and entail the presence 
of blood in the vomited material. What portion of the phos¬ 
phorus remains unoxidized on passing down to the intestine 
excites therein corresponding lesions, even the colon being in¬ 
volved in the morbid process. The violent burning pain in the 


•Am Okor*e eomehuHom. 

“ Cnehny: Loe. rU.. fourth edition, p. SOI. ISM. 

*! Ranvier: cited by Monquat: Loe. rtf.. vol. I. p. SCS. 

"Can: TMoe de Parle. 1S01. 

*• BOkay: ML f. phynlol. Chela., Bd. I. B. 157. 1077-71. 

Sgwup and Billon: C. r. de la Sac. de blol., T. It., p. 40. ISOS. 
■* Frenkel: Lm prasrtn m«d.. Mar. 1. ISOS. 



1252 1NTKRNAL SSCRBTIONB IN PHARMACODYNAMICS. 


epigastrium gradually extends throughout the entire abdomen; 
diarrhoea develops rapidly into violent purging, the dejecta like¬ 
wise being phosphorescent in the dark, and sometimes bloody. 
At time* the local inflammatory process is so severe that reflex 
excitation of the intestinal glandular elements and muscles can 
no longer occur and constipation results. 

The well-known gastric lesions are duplicated in the In te stinal 
canal. Plsvee*" found experimentally in dogs that phosphorus caused 
htrmorrhagie injection of the duodenal mucous membrane, and in some 
instances ulceration. In an acute case reported by Newey,“ the 
stomach, which contained eight ounces (250 gins.) of blood, showed areas 
of softening and ulceration. The entire intestine presented correspond¬ 
ing signs, the transverse colon being intensely inflamed. The vas cul ar 
engorgement observed even in acute cases is not due to the local action 
of the poison alone, however, as is shown below. 

Death muy occur suddenly during this, the acute stage, but 
it is due to a cause differing entirely from that which entails a 
fatal issue when the case is prolonged, namely, reflex inhibi¬ 
tion of the heart,* by excessive (sympathetic) constriction of 
its arterioles.* This organ becomes suddenly very weak, the 
pulse likewise; the pupils are widely dilated, and coma and 
death soon follow. 

Wood™ states that “in the very acute cases of phosphorus-poison¬ 
ing a primary condition of pronounced cardiac weakness, passing into 
paralysis, may bo present.” Witherstine* - refers to a case in which 
death occurred in lialf an hour. Chtchebrak*“ found that the first 
action of the drug was to increase the rapidity of the circulation and to 
raise the blood-pressure, this being immediately succeeded by a decline 
of vascular tension. As inhibition of the heart is due to excessive vaso¬ 
constriction of its arterioles,* the preliminary rise of blood-pressure 
indicates how phosphorus can provoke cardiac paralysis. 

In the majority of rases, the symptoms, after a period of 
acute suffering, lasting from a few hours to two days, abate, and 
recovery apparently occurs. After one or more days of rela¬ 
tive comfort, however, the acute symptoms reappear. But 
now the pain extends to the liver, which organ may be found 
to be enlarged, and the vomiting often contains “coffee-ground” 
material, i.a., altered blood. The stools, if diarrhoea prevails, 
are occasionally bloody and are apt to be day-colored, the lat¬ 
ter fact indicating the absence of bile. Neither the vomited 
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material nor the stools arc phosphorescent at this stage—evi¬ 
dence to the effect that the greater part, at least, of the phos¬ 
phorus (the unoxidixed remnants) has been gradually absorbed 
into the circulation, and that the dejecta now contain only 
phosphorus oxides. 

As previously stated, a portion of the phosphorus is oxidised in 
the alimentary canal by the oxidizing substance of Its accretions. “It 
has of late years been demonstrated, says Wood,"* “that phosphorus 
pansrs into the blood as phoaphorut, and not in the form of phosphoric 
add or other compound.” Wegner,** llusemann and Mariner, Dybkow- 
sky™ and others have found phosphorus not only in the blood and liver, 
but also in practically all tissues. On the other hand, POulet** has 
ascertained that it was eliminated as hypophosphoric acid, while San- 
tesson and Malmgren* 1 observed after administering large doses of phos¬ 
phorus seKjui-sulphidc to rabbits, a remarkable excess in the output not 
only of nitrogen, sulphates and ammonia, but also of phosphoric acid. 

The recurrence of acute symptoms marks the beginning of 
the so-called “subacute*’ stage, a time when the blood’s func¬ 
tional activity has become impaired mainly by active haemo¬ 
lysis.* This is due to the fact that the phosphorus-laden 
nuclco-proteid of the plasma is supplemented by the phos¬ 
phorus absorbed from the alimentary canal.* The simultane¬ 
ous presence of an excessive proportion of phosphorus und 
adrenoxidase in the blood-plasma, by liberating heat-energy to 
an unusual degree, correspondingly enhances the proteolytic 
activity of the blood's trypsin, and hamiolysis, t.r., destruction 
of the red corpuscles, occurs.* As an inordinate proportion of 
adrenoxidase is utilized in the process and the coagulating prop¬ 
erties of the blood arc due to this substance (which is, we have 
seen, the “fibrin ferment’*), the blood itself loses its coagulat¬ 
ing properties.* it becomes unduly fluid, and, passing readily 
through the capillary walls, ccchymoses occur in various parts 
of the body, liesides, in many instance, lueinorrliagcs from the 
nose, uterus, in the retina, and occasionally gangrene. The 
normal result of such a condition of .the blood soon shows itself, 
i.«., great weakness, collapse, and death by cardiac failure— 
often preceded by convulsions caused by the accumulation of 
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toxic wastes which the deficiency of adrenoxidase in the blood 
entails.* 

Corin and Antisux" ascertained that "fluidify of the Mood is 
found only in cases of phosphorus-poisoning which have followed a ma¬ 
cro/* course:” When Introduced into the blood-stream, phosphorus is 
independent therein of the synthesis of nucleins, for Rdhnuum'" found 
*hm* inorganic phosphorus compounds were hardly used at all. It is, 
therefore, as eurphu to the nucJeo-proteid’s phosphorus that it oooun in 
the blood—the aggregate thus becoming pathogenic by increasing with 
the adranoxidaset, general metabolism. That this actually oocurs is 
shown by the fact that there is, as stated by Cushny,* "a very consider¬ 
able Increase in the nitrogen” during this stage, "even although the 
patient continues to foot. That red corpuscles are destroyed during 
this process has been emphasised by the investigations of Vogel"* in birds; 
the hmmolyals began the second day, and by the sixth the comparative 
blood-count showed that one-half of the red corpuscles had been de¬ 
stroyed. Similar experiments in mammals (dogs) by d'Amore and Fal¬ 
cone* gave similar results. Wood* refers to Concato as having shown 
that the red corpuscles were “diminished in size and altered in form”— 
proof that they were undergoing destructive metamorphosis. 

The fluidity of the blood is evidently a feature of the aubacute 
■taro. Cevidalli* found that in order to render the blood incoagulable 
in dogs, phosphorus had to he injected from five to ten days. Again, it 
Is undoubtedly to the destruction of adrenoxldase (the florin ferment) 
that the fluidity of the blood Is due. Cevidalli also observed a "gradual 
diminution and disappearance of the coagulating ferment." The lethal 
phenomena are obviously, under these conditions, due to the same cause: 
Cushny,* referring to Araki,* remarks: "In the statement that lack 
of oxygen plays a part in phosphorus-poisoning, he only confirms the 
impression of many earlier writers." 

A striking symptom of the subacute stage is jaundice, first 
of the conjunctivas, then of the wholo body, which may appear 
from thirty-six hours to several days after ingestion of the 
poison. This is the result of several factors. The phosphorus 
from the alimentary .canal having first to pass through the liver, 
it provokes therein a process identical to that in the blood; 
here, however, the red corpuscles are not alone attacked, but 
the hepatic structures per ae likewise, and necrotic foci are 
formed in various parts of the organ.* Hence the fact that it 
becomes enlarged and painful. At first the activity of the 
liver-cells is greatly enhanced, as shown by a marked increase 
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in the pigment excreted—“pigment,” meaning here bilirubin 
and hemetoidin, both of which, we have seen, are reduced 
adrenoxidase.* Finally, the bile thickens, owing to the pre¬ 
sence therein of its usual constituents, and also of cellular 
detritus, broken-down corpuscles, etc.—all of which contribute 
to block the biliary passages. Jaundice appears at this time. 

By “jaundice” here is meant a condition duo to the resorp¬ 
tion into the general circulation of reduced adrenoxidaae that 
should have passed out with the bile.* On reaching the skin, 
this substance, by a process similar to that which prevails in 
the pathogenesis of bronzing, gives it its yellow hue—an early 
stage of melanosis.* The reduced adrenoxidase is at the time, 
and even before, found in the urine as “bilirubin” or “hwma- 
toidin.” 

That destruction of the hepatic tissues is due to the action of eonic 
autolytic ferment has been suggested by Jacoby." 1 He also noted the 
disappearance of fibrinogen from the hepatic blood; this substance, we 
have seen, is composed of nucleo-proteid fibrinogen proper and adrenoxi- 
dase (fibrin ferment). The destructive process in the liver is a familiar 
pathological fact. Podwysaotsky** 1 found necrotic foci in this organ. 
West"* found the hepatic cellular elements converted into a fine granular 
detritus amidst which the nuclei could hardly lm detected. Cualiny*** 
states that “the jaundice may also be accounted for in part by the 
destruction of the red cells of the blood and consequent increase of pig¬ 
ment formation in the liver." The intra-corpuaculnr constituent of 
hamoglobin (which only leaves them under abnormal conditions, one of 
which is when the corpuscles arc broken up) is. we have seen, hieniatin. 
Wood* - states that “hwmatin crystals are occasionally found in the vis¬ 
cera.” Demarbaix and Wilmart,* - moreover, found htematoidin (adren¬ 
oxidaae) in the urine. The sequence of events given above was traced 
In dogs with great assiduity by ntadelmann.** 1 

The engorgement of the biliary passages, besides deflect¬ 
ing into the hepatic veins what reduced adrenoxidaae should 
have passed out with the bile, thus causing its return to the 
blood-stream,* simultaneously provokes engorgement of the 
entire vascular system. The vessels, whose walls tend already 
to dilate owing to the lowered metabolism in their muscular 
walls incident upon the haemolysis and deficiency of adrenoxi- 
dase in the blood per ae, arc thus submitted- to centrifugal pres- 
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Bure ind still further dilated.* The cerebral vascular system, 
including its cellular elements, becoming hypermmic,* head¬ 
ache, restless and dreamy sleep or wakefulness are complained 
of. If the cerebral congestion becomes very great,* wild 
delirium may occur. A similar condition of the spinal sys¬ 
tem* may evoke disorders of sensation, particularly of the tem¬ 
perature sense, hyperalgesia, pains suggesting neuritis, mus¬ 
cular twitchings, localized spasms or even general convulsions, 
the latter being often the precursors of death. 

In cases that recover, the phosphorus available in the intes¬ 
tine has finally been either oxidized, eliminated or absorbed; 
the destruction of red corpuscles and hepatic cellular elements 
then ceases. The bile gradually losing its viscidity, the accum¬ 
ulated detritus is voided into the intestine and eliminated; and 
the skin “pigment” being absorbed, relatively normal condi¬ 
tions are restored, though the patches of destroyed tissue in 
the stomach and liver may become the scat of interstitial con¬ 
nective-tissue proliferation. In the liver, this may » ««»>"« the 
type of a true cirrhosis with atrophy of the organ. Digestive 
and nervous disorders often persist some time after recoveiy. 

A striking feature of the morbid process is the presence 
of fatty degeneration in all organs, including the smallest 
arterioles of the spinal cord. The so-called “fat” here is a mix¬ 
ture of blood-constituents, fibrin, nucleo-protcid, etc., formed 
when the supply of adrenoxidase is inadequate to maintain the 
temperature and fluidity of the blood.* It is a post-mortem 
phenomenon corresponding in a measure with that of myosin 
formation.* 

That the blood-pressure is lowered has been observed by a number 
of Investigators. ScnllT*" years ago noted that the arteries were so 
widely dilated after death from phosphorus-poisoning, that the veins 
were comparatively empty. Pal” ascribed this vasodilation, not to the 
weakened cardiac power, but to dilation of the vessels themselves. Cor- 
nil and Brault” ascribe the lesions found in the interstitial process in 
the vascular walls and the organs in general to a set generis fatty pro¬ 
cess, one preceded by no inflam m ati on , and beginning six or seven 
hours after the Ingestitsu of the poison and terminating four to s e v en 
daya thereafter, voilbracht,” in accord with these o bse r v a tions, found 
the vascular walls deg e nera t ed and associated with gangrene of both 
extremities. 
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The “fatty d ege n era tion” of phosphorus-poisoning ia due, m else¬ 
where, to a deficiency of adrenoxiaaae." After referring to the older 
view, that lessened oxidation of proteid fate explained fatty degenera¬ 
tion, aa inconeiatent with known facta, Cushny* remarka: “hoaaanad 
oxidation and fatty degeneration occur together under ao many condi¬ 
tions, however, that there muat almoat certainly be a causal relation 
b e t ween them, thou^i it ia impoaaible to atate at present ita exact 
nature.** 

Chronio Phosphorus Poisoning. — This form of poison¬ 
ing, observed usually among persons employed in the manufac¬ 
ture of white sulphur matches, differs from the acute form in 
that the quantity inhaled at a given time is inadequate to pro¬ 
voke acute phenomena. The continued absorption from the 
respiratory surfaces, however, finally gives rise to practically 
all the symptoms already enumerated, the most common of 
which are weakness, abdominal pains, anorexia, a garlicky 
breath, gastric disorders, diarrhoea or obstinate congestion, a 
subicteric color of the skin, wasting, etc. These cases differ 
from those of the acute type, in that they suffer from necrosis 
of the lower jaw. This condition has been found to be the 
result of penetration of phosphorus-fumes to this bone through 
the intermediary of carious teeth. This process is readily 
explained when the fact that bony tissues are dependent, like 
all others, upon adrenoxidnse for their oxygen, is taken into 
account: the nutrient plasma of the bone being deprived of 
its oxygen by the phosphorus, which has a greater affinity for 
it than the bone itself, the latter, no longer nourished, dies.* 

Wegner*** found that rabbits kept in phosphorus-fume* suffered in 
do way from necrosis if their teeth were sound, but that injuries in 
which the jaw-bone could be reached by the fumes were followed by 
periostitis and necrosis. Magitot*** observed that phosphorus-workers 
supplied with perfect teeth were free from necrosis even after years’ 
employment at this occupation, while all those who had bad tectli suf¬ 
fered from necrosis. 

The treatment of phosphorus poisoning is described in a 
special section at the end of this volume. 

Therapeutios. —The physiological function I have ascribed 
to phosphorus in the tissue-cells (including nervc-cells) and 
blood, vis., to liberate heat-energy by combining with oxygen 
of the adrenoxidaae,* places this element among our chief re¬ 
sources as a therapeutic agent, since it constitutes one of the 
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pillars of the vital process itself.* By the use of strychnine, 
digitalis, coca, etc., ve greatly stimulate functional activity, 
but the judicious adjunction to them of substances which 
actually take part in function, such as phosphorus, iron, 
appropriate foods, etc., we supply besides, the building material.* 
It is as such that phosphorus is especially beneficial in imnu- 
thenia due to overwork, anxiety, mental strain and sexual ex¬ 
cesses. Here, it actually replaces missing materials.* In ana- 
mia, the addition of phosphorus to iron will render the latter 
effective where before it waB useless, because the improvement of 
the oxygenizing power of the blood requires a corresponding in¬ 
crease of available nuclein.* In impaired nutrition following 
exhausting diseases, such as influenza, typhoid, typhus, intermit¬ 
tent fevers, etc., the same indication prevails. This applies 
likewise to debility following prolonged lactation, overwork, 
shock, sorrow, etc. In the disorders which are thought to be 
normal results of old age, such as loss of memory, mental torpor, 
insomnia, etc., an inadequate supply of phosphorus, iron and 
iodine, is the pathogenic factor, and these agents will often serve 
to prolong a useful life. In the depraved condition to which 
morpihinomania and chronic akdholism finally drive the pa- 
• ticnt, the judicious use of phosphorus after cessation of the 
habit is conquered, not only hastens recovery, but tends to pre¬ 
vent its recurrence by enhancing the nutrition and conductivity 
of all nerves.* Finally, the value of phosphorus in rickets and 
osteomalacia is generally recognized. 


* Author 1 ! omlutkm. 



CHAPTER XX. 


THE INTERNAL SECRETIONS IN THEIR RELATION 
TO PHARMACODYNAMICS (Continued). 

THE SYMPATHETIC CENTER AS THE SLEEP CENTER. 

Bradbury, in his Crooninn Lecture, 1 (dated eight years ago, 
that “notwithstanding the brilliant and laborious researches 
of physiologists and neurologists dnring recent years, the phe¬ 
nomenon of sleep is still enveloped in mystery"—a conclusion 
which is still applicable. The reason for this is plain in view 
of the fact pointed out by myself in the first volume, that this 
function is intimately connected with the circulation of oxidis¬ 
ing substance (adrenoxidase) in the neurons and their dendrites, 
that sleep is due to a diminution of this substance in these ele¬ 
ments, and that the adrenal system is intimately connected 
with this process. To overlook this intrinsic nervous circula¬ 
tion and the ductless glands in this connection is to perpetuate 
the “mystery” to which Bradbury refers. And this applies not 
only to the mechanism of sleep, but also to a widespread pource 
of suffering, insomnia, and, moreover, to the action of hypnotics 
and anesthetics. 

A diminution of adrenoxidase in the nervous elements 
referred to entails a corresponding reduction of mctalmlic 
activity and other phenomena connected therewith. Howell* 
wrote recently: “The central and most important fact of sleep 
is the partial or complete loss of consciousness, and this phe¬ 
nomenon may be referred directly to a lessened metabolic activity 
in the brain tissue, presumably in the cortex cerebri.” Again, 
“the physiological oxidations are also decreased, as shown by 
the diminished output of carbon dioxide.” A fall of blood- 
pressure is also present, as shown by Tarchanoff* in dogs and 
by Brush and Fayerweathcr 4 in man. 


* Bradbury: Lancet, Jane M. ISM. 

1 BoweU: 'T. B. of Phyetol.." p. % ISOS. 

■ Tnrehanoff: Arch. Itnl. de Mol., vol. »l. p. SIS, ISM. 
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The manner in which hypometa holism produces sleep and 
the process through which lowered oxygenation of the cortex 
is produced are left unexplained by the prevailing interpre¬ 
tations. In the first volume, I filled both these gaps. In the 
first place, I showed that the adrenoxidase-laden plasma which 
circulates in all parts of the neuron sustained the vital pro¬ 
cess in this organ as it docs in all cells. 1 and submitted the con¬ 
clusion* that the thomlikc processes which project from the 
dendrites* and other parts of a neuron, i.e., the gemmulcs, were 
"peripheral extensions of the dendritic walls having for their 
purpose to increase, when erect, the area of myelin exposed to 
the action of the oxidizing substance [adrenoxidase] of the 
plasma, and thus to render the dendrite functionally active, i.e., 
able to transmit or receive nervous impulses;” and also that 
when the gemmules are retracted or collapsed, "functional 
activity is in abeyance, as during sleep, anaesthesia, etc.” Addi¬ 
tional evidence has been submitted in the present volume as to 
the r6le of adrenoxidase and myelin in all nerve-cells, and to 
the effect that they jointly liberated nerve-energy, i.e., the 
impulse. The manner in which sleep follows thus becomes 
plain: the intrinsic metabolism of all nervous elements, includ¬ 
ing those of the cortex, is itself reduced. 

The introduction of adrenoxidase and myelin as the joint 
source of functional activity harmonizes with a theory to 
which Bradbury refers as follows: "The most fascinating of 
them all is what Duval has termed the histological theory of 
sleep: This seems to have been propounded in its most rudi¬ 
mentary state by Rabl-Riickhard, who suggested that an as¬ 
sumed amoeboid motion of the neurons, and especially the 
dendritic processes, would account for various psychological 
phenomena. Thus sleep might be explained by a retraction of 
these processes and consequent inability of nervous impulses to 
pass from one neuron to another. The same theory was elabor¬ 
ated independently by Lupine ond Duval. L6pine thinks this 
isolation of the individual neurons may be due to some chemi¬ 
cal modification of the cellular protoplasm, and he alBo states 
that the theory explains the extraordinary suddenness with 

a Of. Ml. I, pp. BIS to BM Incl. 
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which a state of wakefulness passes into one of sleep. Duval 
goes so far as to explain the action of medicaments on this 
theory, and he draws comparisons between the action of drugs 
on the terminal dendritic processes and the effect of curare on 
motor nerve-endings. This is surely hypothetical” .... quite 
as much so, 1 would add, as the assumed action of curare 
(administered internally) on nerve-endings, as emphasized in 
the preceding chapter. 

The manner in which adrenoxidase and myelin take part 
in the transmission of impulses from neuron to neuron, sug¬ 
gests itself when the effect of intrinsic metabolic activity on 
its gemmulcs is taken into account. Ramon y Cajal, 0 who 
states that the dendrites are covered with a “protective sheath 
of great tenuity*’ (which I assimilate to the myelin sheath 
of nerves, and a factor in the elaboration of nervous energy as 
stated above), advanced the view that impulses were trans¬ 
mitted by the gemmules which project through this sheath. 
As previously stated, however, and for reasons submitted in 
the first volume, I ascribe a different function to these thorn- 
like projections, viz., to extend the area of myelin exposed to 
the action of adrenoxidase and local metabolic activity. The 
structures which I regard as intermediaries for the transmis¬ 
sion of impulses, afferent or efferent, are the tips of the den¬ 
drites and the branches (and collaterals) given off by the axons 
or axis-cylinders of neurons, to which Berkley 0 refers as a 
“bulbous ending situated upon the extremity of the finest 
branches of the nerve-fibers.” Since he says of the latter: 
“The researches of Flechsig, ns well as my own. have shown 
that these fine branches arc furnished with a thin layer of 
myelin nearly to their termination.” and as they likewise take 
methylene blue and other stains showing the presence of adren¬ 
oxidase, the bulbous tips referred to are, as well as those* of 
the dendrites and their thorns or gemmules, subject to erec¬ 
tion during activity as distinguished from rest. i.«., Bleep. 

Now, whether with Cajal we regard the gemmules as the 
structures which receive impulses from these bulblike axon ter¬ 
minals, or with Berkley, that the latter transfer them to the 


• Ramon y Cajal: Cited by Bradbury: to. HI. 
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dendrites between the gammules, or with me, that the bulbous 
tips of the dendrites (as in nerve-terminals in the Pacinian cor¬ 
puscles, in the end-bulb of Kraus?, etc.) receive the impulses 
from the knobbed axon-terminals or offshoots from dendrites, 
the mechanism of transmission is the same, provided another 
conclusion embodied in the first volume (in accord with Berk¬ 
ley’s previous observation) be accepted, namely: that these 
end-organs do not actually touch each other, as believed by 
some, but that they are separated by 10 an infinitesimal distance. 
Now, as I interpret the process, during active metabolism, 
during waking hours, this infinitesimal distance is preserved, 
because both dendritic and axonal terminals are erect. The 
functions of the brain are active, owing to the ability of these 
terminals to touch and separate with great rapidity , i.e., to 
vibrate rhythmically according to the nature of the stimulus 
transmitted, whether it be connected with motility, sensibility 
or thought. Conversely, during lowered metabolism the bul¬ 
bous terminals recede and are then separated sufficiently to 
prevent vibratory contact and inhibit function. Motility, sen¬ 
sibility and thought are then in abeyance, i.e., in the state of 
rest or sleep. 

Thus it is that lowered metabolism can, in the light of my 
views, produce sleep. 

Another factor is required in this connection, however, to 
account for the mechanical erection of the gemmules and the 
bulbous tips, namely, an increase of blood-pressure. The ane¬ 
mia of the cerebral structures observed in exposed areas and 
other facts have caused Howell 11 to suggest a theory which has 
deservedly received considerable attention, the "vasomotor” 
theory. The reduction of blood affords the necessary factor for 
the recession of the bulbous tips during Bleep, and their erec¬ 
tion during wakefulness. While he explains this phenomenon 
by variations in the cutaneous circulation, Leonard Hill 1 * ac¬ 
counts for it by dilation of the vessels of the splanchnic area, 
a condition which, we have now seen repeatedly, causes reces¬ 
sion of blood from the periphery—and from the brain, accord- 
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log to Hill. The manner in which this vasodilation is brought 
about, however, is left obscure by these investigators. And yet, 
a fully established factor of the problem clearly accounts for it, 
vis., lessened metabolic activity, which, as previously stated, 
affects the cardiac muscle and the vascular muscle libers, two 
conditions which entail vascular relaxation. 

That this brings the original cause of sleep down to the 
organs which regulate metabolism is self-evident. In the lirst 
volume, I ascribed 1 * retraction of the gemmules to “suprarenal 
insufficiency.” By stating 14 therein that “when the gemmules 
are retracted or collapsed, functional activity is in abeyance as 
during sleep ....,” I indicated that sleep was to he ascribed 
primarily to a deficiency of adrenal secretion, t.r., of adren- 
oxidase. This relegates us to the adrenal center in the pitu¬ 
itary body. 

Salmon has recently 1 * suggested that the internal secre¬ 
tion of the pituitary body produces sleep. All the evidence 
extant indicates, however, that this organ enhances oxidation; 
it fails, therefore, to support such a theory. Again, 1 have 
called attention to the fact that in the higher vertebrates the 
pituitary body was not a secretory organ, its secretory functions 
having been taken up by its offshoots, the adrenals. 

Quite in keeping with the prevailing knowledge concern¬ 
ing the rdlc of liypometabolism in Bleep, and my own view that 
depression (and not ovcractivity, as Salmon believes) of thu 
functions of the adrenal center, » the important fact pointed out 
by Lorand, 14 that degeneration of the thyroid gland causes a 
tendency to sleep. He observed that dogs deprived of their 
thyroid slept almost all the time, that the loudest noises failed 
to awake them, and adduces other facts in support of his 
opinion. Hecalling the researches of Magnus Levy, Thiele, 
Nehring and othero to the effect that the thyroid gland regu¬ 
lates metabolism, Lorand ascribes the influence of degenera¬ 
tion of this organ on sleep to a corresponding depression of 
general metabolism. The manner in which this process is car¬ 
ried out is fully explained by the functions I had attributed to 
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the thyroid secretion in the filft volume, vis., to stimulate the 
adrenal center of the pituitary body, and through it the 
adrenala, whom secretion becomes converted into adrenoxidase. 
in the lungs. It is plain that under these conditions and as 
Lorand has shown, any degenerative disorder of the thyroid 
should depress the adrenal center, inhibit the formation of 
adrenoxidase and metabolism, and provoke deep. 

Interpreted from my standpoint, however, this does not 
represent the process which prevails in normal or physiological 
sleep. It is deep due to a pathological condition. The thyroid, 
as a gland, can not be a governing organ: as is the case with 
the adrenals and all other glands, its secretory activity is regu¬ 
lated by a nerve-center. 

In a preceding chapter 1 * I pointed out that it was by inhib¬ 
iting the functions of the pituitary body and of the thyroid 
gland that Cyon’s depressor nerve produced general vasodila¬ 
tion, at first of the vessels of the splanchnic area and then the 
vessels of the peripheral structures. The main conditions of 
Howell's vasomotor theory and Hill's observations are thus met. 
The manner in which metabolism is depressed during deep is 
now self-evident: the proportions of thyroidase, which sensi¬ 
tises all cells, and of adrenoxidase, which incites and sustains 
metabolism, being reduced, the blood's energizing properties 
are brought down to the physiological limit which normal deep 
requires. This entails just sufficient lowering of the blood- 
pressure to reduce the tension in the axons and dendrites of all 
neurons, not only of the cortex, but of the entire nervous sys¬ 
tem. Indeed, deep does not mean repose of the cortex alone, 
but of the whole cerebro-spinal system. Goltz’s dog, for in¬ 
stance, which lived eighteen months after its cerebrum had 
been removed, slept as do normal animals, even going through 
the preliminary circular movements peculiar to dogs. 

This clearly indicates that the center which causes con¬ 
striction of the vessels of the pituitary and thyroid lies below 
the brain, and, in the light of the evidence I have adduced, 
that it is to the neural lobes of the pituitary that we must 
ascribe'this function. This organ, we have seen, sends fibers 
to the great-cell nucleus in the third ventricle, which nucleus,, 
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system, as preiloosly shown—to the modullasnd Cord, And jfr, 
the anterior pituitary. Nov Cyan found that the constrictor 
fibers distributed to the thyroidal arteriea were derived front 
the cervical ay -apathetic; while Berkley specifies that the ner¬ 
vous supply of the anterior lobe ia also of Sympathetic origin. 
I have already submitted considerable evidence-to the offset that, 
the sympathetic was the vasoconstrictor Of all arterioles. 
We are furnished here not only with additional testimony 
to this effect, but we are brought to realize that it ia the sympa¬ 
thetic center in the posterior pituitary which, by inhibiting the 
circulation of the. thyroid and of the anterior pituitary (includ¬ 
ing its test-organ and the adrenal center with which it is linked), 
causes sleep. 

This evidence sustained by the data previously adduced 
seems to me to warrant the following conclusions: (1) sleep 
is brought on by the sympathetic center; (2) by sending con¬ 
strictor impulses to the arterioles of the anterior pituitary body 
(including its test-organ, which governs the adrenals) and also 
to the arterioles of the thyroid gland, this center lowers 
the metabolic activity of the body at large; (3) metabolism 
being also lessened in the cardiac and vascular muscular fibers, 
general vasodilation follows; (4) as this in turn entails aug¬ 
mentation of the blood circulating tn the splanchnic area and 
other deep vessels, a corresponding volume of blood is with¬ 
drawn from the peripheral organs, including the cerebrospinal 
system. (5) In the brain this lessened metabolic activity and 
diminution of adrenoxidaee-laden plasma jointly provoke uncon¬ 
sciousness by inhibiting the functional activity of the neurons, 
which take part in all psychical processes; (6) is the spinal and 
peripheral nervous systems the sams two conditions cause de¬ 
pression of sensibility, including that of the spinal motor cells 
which convert sensory impulses into motor stimuli. 

Hypnotism.—This condition is ge nerally associated with 
deep, but in the light of my views—to which only a brief allu¬ 
sion mb be made he ro i t is a morbid process. Many theories 
have been advanced aa to its nature; all, naturally, ascribing 
the phenomenon to some functional aberration of the cerebral 
cortex. That this does not account for the hypnotic state is 



1266 IMTBHNAL BKORSTIONB IN PHARMACODYNAMICS. 


Indicated by the fact that, aa shown by Verworn, 1 * 'animals 
deprived of their hemiapheree can be hypnotised. Landois** 
' *1 writes: "Hens (also after removal of the cerebrum) assume 
a rigid position if an object be suddenly placed in front of the 
eye, or a straw be placed over the beak.” .... This rigidity 
occurs in the humah subject, and may be brought about in many 
ways which affect the lower animals similarly. This indicates 
that it is upon structures below the brain that the hypnogenic 
influence is exercised. 

In the flrat volume* 0 I referred to the posterior pituitary 
as the sensorium commune, and pointed out in the preceding** 
chapter, in connection with the meaning of "idiosyncrasy,” that 
the sympathetic center stood foremost in this connection. Con¬ 
siderable evidence has already shown that this center governs 
the caliber of the arterioles, and that marked constriction in¬ 
hibits function by reducing the volume of blood distributed to 
the peripheral capillaries. We have seen also that their dilation 
reduces the blood-supply. Evidence to the effect that such a 
condition prevails during hypnotic sleep is afforded by the pal¬ 
lor of the skin and mucous membranes, and the fact, noted 
plethysmographically by Walden,** that the arm and hand show 
a marked diminution in volume. 

If we take into account the mechanical means capable of 
inducing hypnosis in man and animals: fixing intently a 
bright object, or revolving mirrors held a short distance from 
the face; a sudden flash, such as that of an electric spark; a 
stern command to go to sleep; the noise of a gong, etc., it 
becomes plain that a shock, strain of the ocular muscles entail¬ 
ing reflex sequences, etc., underlie the genesis of the hypnotic 
state. Its production by pressure upon hysterogenic zones also 
betokens reflex action through a center capable of influencing 
the vessels of the body at largo, and, in the light of the fore¬ 
going evidence, those vessels which influence sleep. This indi¬ 
cates that the most sensitive center of the posterior pituitary, 
the sympathetic center, ie the source of the vasomotor impulses 
through which hypnotism is provoked, and that the kindred 
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states: somnambulism, lethargy and catalepsy, are .due to a 
corrmponi,mg process, likewise under the influence of the sym¬ 
pathetic center . 

EXCESS OF ADRENOXIDABE IN NERVOUS ELEMEN TS 
AS A CAUSE OF PAIN. . 

Stewart,” in a brief review, writes: "Pain has been defined 
aa 'the prayer of a nerve for pure blood/ The idea is not only 
true aa poetry, but, with certain deductions and limitations, 
true as physiology. That is to say, pain, as a rule, is a sign 
that something has gone wrong with the bodily machinery; 
freedom from pain is the normal Btate of the healthy body. 
Physiologically, pain acts as a danger-signal; it points out the 
seat of the mischief.” While the latter fact is true, and it is 
self-evident also that pain is an abnormal phenomenon, the con¬ 
nection between these two facts on the one hand, and the asser¬ 
tion that pain is "the prayer of a nerve for pure blood,” is not 
clear. In truth, thiB Conception, as I view it, is a most mis¬ 
leading one. Even in disorders such as gout, rheumatism, 
neuralgia, etc., in which the pain might be ascribed to the local 
action of noxious substances, the administration of an anal¬ 
gesic, morphine, for example, will subdue or even entirely re¬ 
move the pain. It is evidently not the poison which causes 
suffering, since the analgesic certainly does not promote its 
destruction or removal. The pain must be subdued through 
some other mechanism. 

Again, as stated by Howell,* 4 "pain is probably the sense 
that is most widely distributed in the body. It is present 
throughout the skin, and under certain conditions may be 
aroused by stimulation of sensory nerves in the various visceral 
regions, and indeed in all of the membranes of the body. Our 
knowledge of the physiological properties of the end-organs and 
nerves mediating this sense is chiefly limited to the skin, and 
for cutaneous pain at least, the evidence, as stated above, is 
very strongly in favor of the view that there exists a special set 
of fibers which have a specific energy for pain. All recent 
observers agree that the pain sense has a punctiform distribution J 
in the skin, the pain-points being even more numerous than 
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the pressure-points.” Briefly, pain iB generated by a special 
neural mam possessing specific nerve-terminals, and 

occurs when, from some cause, these nerve^ndings are stimu¬ 
lated. These causes, as is well known, are numerous, and when 
pain is due to traumatism, pressure, etc., it is readily accounted 
for by excitation of these sensory endings and the transmis¬ 
sion of pain-impulses to the central nervous system. 

Here, however, we meet with an obstacle. How and by 
wliat organ are pain and its location perceived ? Stewart 
states that “the precise mechanism of the localisation is un¬ 
known. But,” he adds, “we must suppose that each peripheral 
area is ‘represented’ in the brain, so that the afferent impulses 
from it affect particularly the related cerebral area. The brain 
therefore, so to speak, associates excitation of a given cerebral 
area with stimulation of the corresponding peripheral area, and 
thus not only recognizes the quality and quantity of the result¬ 
ant sensation, but also localizes it.” We have seen, however, 
that this supposition is not based upon a solid foundation. 
Goltz’s dog, for instance,” which lived eighteen months after 
being deprived of its hemispheres, not only felt’ pain, but kept 
one of its paws, which had been hurt accidentally, raised from 
the ground until the injury had healed. 

Referring to the same animal, Schafer 1 * writes: “It re¬ 
acted promptly and consequentially to tactile impressions. 
When its skin was pinched it gave vent to its discomfort by 
Bnarling or barking just as a normal dog might do, and at¬ 
tempted to get away from the hand which was the source of 
discomfort, or, failing to do this, would turn round and bite 
at it, but in a clumsy manner and often without coming near 
it. If its feet were placed in cold water, they were quickly 
withdrawn.” Again: “The rabbit, after removal of the hemi¬ 
spheres, in a few minutes sits up and begins to move about in 
an apparently normal manner. Its reflex excitability is in¬ 
creased. If the foot is pressed, it will kick and struggle vio¬ 
lently.” Striking in this connection is the behavior of the 
brainless frog. “If placed in a vessel of water the tempera¬ 
ture of which is gradually raised,” writes Fender, 11 “it will not 
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quietly submit to be boiled like a frog which has. only its 
medulla and cord, but will leap out as soon as the bath becomes 
uncomfortably hot.” 

These examples show clearly that it is not the brain which 
perceives pain or even its location, since, by limping on three 
legs, Goltz’s brainless dog showed not only that it felt it, but 
that it located it in the raised limb. The location of the per- 
ceptive region is pointed out, moreover, by the behavior of the 
frog. Not any more than the hemispheres can the medulla 
oblongata or spinal cord be said to perceive pain, since the 
presence of these organs will not cause the frog to escape from 
the hot water; it is evidently a region above the medulla and 
below the brain. It is not due to the corpora striata or the optic 
thalami, for Schafer, who quotes Ferricr, states that they “were 
included in the removal.” This brings us once more to the only 
structure to which any such function can lie attributed: the 
posterior pituitary. Indeed, in the sixteenth chapter*" I sub¬ 
mitted the conclusions, sustained by considerable evidence, that 
“the cortex is not the organ through which any of the cutane¬ 
ous and internal sensations are perceived.” and that “these 
sensations, which include pain, heat, cold, pressure (constitut¬ 
ing touch), hunger, thirst, and the muscle and spatial senses, 
are perceived by and through the neural or posterior lobe of 
the pituitary.” 

Beturning to the production of pain, we have seen that, 
aside from the traumatic or mechanical causes, the purity of 
the blood can hardly be granted the dominant }iosition in the 
process that'the poetical conception quoted above has earned 
for it. On the other hand, we have ample proof to the effect 
that an excess of blood in a given region can provoke suffering, 
and that its intensity varies with the degree of local conges¬ 
tion. Evidence to this effect need not be produced. It becomes 
a question whether all pains other than those due to traumatism 
are not due to local congestion. In neuralgia, for instance, even 
in the anaemic, pathological anatomy points to the presence of 
a neuritis either in the nerve itself or in the ganglion from 
which it originates. In tic douloureux such lesions are prac¬ 
tically always found. The fact that, as I have shown, adren- 
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oxidate circulates In nerves as it does elsewhere, accounts for 
these results. Again, the iiicrease of pulsation in a painful 
area and the relief afforded by derating the part in which it lies, 
point distinctly to a common cause—a fact further sustained 
by the relief afforded by morphine, whatever be the source of 
suffering. 

The so-called "toxic” form of pain might appear to con¬ 
stitute an exception, but analysis of the question soon shows 
that even here hyperemia must be taken into account. In auto¬ 
intoxications of intestinal origin, we often have, as is well 
known, a rise of vascular tension, i.e., a cause of congestion in 
nerves predisposed to neuritis, in aural structures previously 
diseased; in old pleural or peritoneal adhesions. In the pains 
due to mercury, lead, arsenic, alcohol, etc., the influence on 
vascular tension is also marked, some causing them by provoking 
active and others passive hyperemia. The influence of increased 
vascular tension is well shown by the fact that, as shown by 
Richet, the sensibility to pain is reduced in idiots, imbeciles, 
and senile dements. Ioteyko” found the sensibility to heat 
decreased in melancholic women, and the initial sensibility to 
cold markedly increased. All these subjects bear the stigma of 
deficient peripheral circulatory activity. 

Reducing the whole question to its simplest expression, a 
prominent fact asserts itself, viz., that given the presence in 
any area of nerve-endings capable of transmitting pain impres¬ 
sions, congestion of that area from whatever cause, direct or 
indirect, will provoke pain. As viewed from my standpoint, 
these minute sensory elements are the seat of metabolic pro¬ 
cesses in which adrenoxidase fulfills the function it does in all 
other cells: an increase of adrenoxidase here means increased 
metabolic activity and, therefore, increased acuity of the pain- 
impulses transmitted to the posterior pituitary. 

THE SYMPATHETIC CENTER AS THE INTERMEDIARY THROUGH 
WHICH ANALGESICS PRODUCE THEIR EFFECTS. 

In the light of the conclusions submitted in the two fore¬ 
going sections, any drug capable of reducing the blood circu¬ 
lating in the peripheral tissues, including the central nervous 
system, and of inhibiting metabolism in these tissues, should be 
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capable of caatug sleep and of arresting pain. Again, inas¬ 
much aa we hare seen that it is the sympathetic center which 
governs the caliber of the arterioles, and, therefore, the blood 
supplied to these tissues, drugs capable of causing sleep and of 
subduing pain should do so through the intermediary of this 
center. That such is the case will be illustrated by the action 
of three of our main analgesics—morphine, antipyrin and 
acetanilid. 

Both opium and morphine produce a temporary exhilara¬ 
tion, visions, etc., by augmenting the propulsive activity of the 
arterioles—a condition supplemented by a direct excitation of 
the vasomotor center and peripheral hypenemia when large 
doses are taken. Under the influence of therapeutic doses this 
is soon succeeded by the typical action of the drug: constriction 
of the arterioles, and diminution of the blood supplied to capil¬ 
laries and nervous elements in general, including those of the 
brain and spinal system and of any region which may be the 
seat of pain; this condition being brought about by the stimu¬ 
lating effect of the drug upon the sympathetic center. Both 
analgesia and sleep are produced by therapeutic doses because 
they influence this center only and the arterioles only, and the 
supply of arterial blood to the neurons, capillaries, etc., is 
reduced. 

As produced by opium and morphine, sleep is caused indi¬ 
rectly, i.e., artificially. We will see in the next chapter, in which 
the drugB that depress the adrenal and other centers are studied, 
that we have several agents (the bromides, chloral, etc.) which 
provoke sleep by a process approximating closely that of Nature. 

Antipyrin and acetanilid arrest pain as does morphine, but 
an important feature deprives these analgesics of soporific 
properties; even in therapeutic doses they stimulate the vaso¬ 
motor center and thereby keep the neurons of the central ner¬ 
vous system and the capillaries in general more or less en¬ 
gorged, thus defeating an essential condition of deep. This 
blood, when the drug proves toxic either in small or large doses, 
may be detained in the peripheral capillaries through circula¬ 
tory torpor and, becoming partly venous, cause cyanosis. 
Another feature illustrated by these drugs is that their action is 
prevented by section of the tissues immediately below the pitu- 
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itary body (and, therefore, above the bulb), a procedure involv¬ 
ing, therefore, division of the sympathetic fibers derived from 
the posterior pituitary. 


OPIUM AND MORPHINE. 

Physiological Action.—A small therapeutic dose of opium 
or morphine excites sufficiently the sympathetic center to cause 
slight contraction of the arterioles—that degree of constriction 
which, we have seen, provokes at each pulsation a reflex dila¬ 
tion of these vessels.* The alternation and exaggerated constric¬ 
tion and reflex dilation of the arterioles increases their pro¬ 
pelling power, and an excess of blood is projected with each 
pulse-wave into all capillaries, including those of the cerebro¬ 
spinal system.* lienee,* the period of mental vigor and excite¬ 
ment, visions, hallucinations sometimes witnessed, and which 
in subjects habituated to the use of the drug may attain the 
proportion of wild delirium. 

In normal individuals, however, the mean caliber of the 
arterioles is, on the whole, reduced by a small dose, and the 
average volume of blood thrust into the capillaries being dimin¬ 
ished,* a feeling of torpor, general and cerebral, is experienced, 
sometimes accompanied by a semiconscious condition or light 
sleep, a good part of which is taken up by dreams. ' 

If the dose be large, the general and cerebro-spinal hyper¬ 
emia* manifests itself in a correspondingly more active way, 
and symptoms of actual cerebral congestion appear: the face 
is reddish or suffused and may even be cyanosed; the skin is 
warm and dry, the pulse strong and full. 

The influence of opium and its preparations on the vascular sys¬ 
tem are generally recognised. Gulnara 1 * studied graphically the changes 
in the blood-pressure provoked by morphine in the higher mammals, the 
horse, ox, goat, sheep, pig and cat, ana found that in all these animals 
the pressure was increased when the limits of therapeutic doees were 
not exceeded, and however introduced. The rise was always very 
marked. Gscheidlen" also observed primary vasoconstriction; having 
injected morphine in animals, he saw the arterioles of the mesentery 
contract. The primary rise of blood-pressure occurs under these condi¬ 
tions in the arteries behind the arterioles, owing to the obstruction which 
the latter present to the blood-stream. The venous engorge me nt which 
this should entail is likewise present. Picard" observed, after he had 
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injected from 0.06 to 0.08 gme. (1 grain to l l /i grains) in a dog and 
opaned a vein to an exposed nismudTbnr gland, that the blood-flow was 
increased, notwithstanding division of the chorda tympani. This shows 
that the gland’s secretory nerve, which normally causes the increased 
blood-flow when stimulated, played no part to the production of this 
phenomenon under the influence of morphine, and that it was due to the 
general vasoconstriction which this drug provoked. Cuahny* states that 
the “blood-pressure remains high” under the influence of morphine. 

The influence of partial contraction of the arterioles may be illujto 
trated by the action of morphine upon certain animals. We have seen 
that Gurnard observed powerful vasoconstriction in the horse, ox, goat, 
sheep, pig and cat. In all these animals morphine causes excitement, 
but not narcosis. In the dog rabbit, guinea-pig, white rat and mouse, 
on the other hand, he also observed general vasoconstriction, but with 
narcosis. Yet, this does not mean that the horse cannot be made to 
sleep hy morphine: Harley,** for instance, found that large doses, 12 
grains (0.8 gm.), produced very great excitement in this animal, not 
only cerebral, but general, as indicated by frothing at the mouth, mus¬ 
cular tremors, great restlessness, etc. In another experiment he gave 
a horse 38 grains (2.4 gms.) of morphine acetate. This powerful dose 
caused the animal to sleep three hours, but on awakening he passed 
through the stage of excitement, and this continued some seven hours. 
Again, in the mouse, which is readily put to sleep by adequate doses, 
Harley caused tonic spasm of the trunk, abnormal sensitiveness to 
sounds, etc., without narcosis by giving small doses. This clearly shows 
that the caliber of the vessel determines the character of the cerebral 


phenomena provoked, t.e., excitement when an inordinate qunntity of 
blood is admitted to the cellular elements; eleep when a smaller quan¬ 
tity than usual reaches them, owing to marked constriction of the 
arterioles. ManquatP deems it remarkable that the more intellectual 
Europeans should show more particularly the narcotic effects of the 
drug, while others, the Malays for instance, are rendered wildly delirious 
by it. This assumes a normal aspect when the sympathetic center is 
regarded as the intermediary of the drug’s action—that of the European 
bong more sensitive, the arterioles are sufficiently constricted to indues 
sleep; in the less sensitive races, they remain sufficiently patent to 
admit an unusual amount of blood to the brain, i.c., to induce excite¬ 


ment. 


Action as Anaixiesic.— Opium and morphine reduce or 
arrest pain when the arterioles are sufficiently constricted under 
its influence to diminish the volume of blood supplied to the 
painful area.* The sensory end-organs of this area, previously 
overstimulated through local hypenemia, are thus freed of the 
excess of blood to which the pain is due.* This process is fur¬ 
ther enhanced by the fact that the constriction of the arterioles 
tends to produce capillary stasis; the blood being reduced by 
the tissues as usual, it tends tQ become venous, and thus to 
reduce sensibility in the sensory terminals it supplies.* 
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The general constriction of the arterioktj.by Blowing the circula¬ 
tion end Jlmiwiehing the volume of blood supplied to all tissues, must 
ueeeesarllj lower toe rate of metabolism. E. T. BeiehertP* found hi 
twelve experiments in doge that general meta b olism, as determined bjr 
heat-production, foils on an average 20 per cent, below the normal dur¬ 
ing the first hour, 08 per oent. during the second hour, and 40 per cent, 
during tee third hour, with an average temperature foil in the rectum 
of 178* 0. (S.17* F.). This harmonises with the observation of Boeok 
and Bauer" and Chittenden and Cummins," that the elimination of car¬ 
bon dioxide is reduced during the narcotism induced by the drug. 
Gulnard ascertained that both the intake of oxygen and the output of 
carbon dioxide were reduced. Wood and Cerna" also found experiment¬ 


ally, as did Gulnard, that morphine acted as a depress- nt of the respira¬ 
tion. Hager," moreover, showed that the slowing of the respiration 
caused fay the drug was closely related with the diminution in the 
respiratory exchange, the animal consuming less oxygen and producing 
much less carbon dioxide than normally. 

That reduction of the blood supplied to the skin, and other struc¬ 
tures containing end-organs, should, under these conditions (especially 
in view of the capillary stasis which it entails), diminish their relative 
sensibility is self-evident. Moreover, experimental testimony points in 
the same direction. Cushny," for instance, referring to several observers 
who have studied the relative sensibility of the skin by measuring the 
smallest di s t a nc e at which two points could be distinctly recognised, 
states that “in every case it was found that the ability to do tills was 
l esse n ed by morphine.'* The analgesia produced is not due to a direct 
action of the drug upon the sensory organs themselves, for Gseheidlen 
found that when applied locally to a sensory nerve during strychnine- 
poisoning, morphine increased its excitability and prolonged it. Man- 
quat" states that while "the contact of morphine irritates mucous mem¬ 
branes and skin deprived of its epidermis, causing an unpleasant prick¬ 
ing sensation, this Is soon replaced lnr lowering of the sensibility." This 
represents about the only tangible fact in favor of the prevailing view 
that morphine produces analgesia and sleep by acting directly upon the 
cerebral and other nervous elements after stimulating them. But we 
cannot logically compare the local effects of a solution of morphine of 
1 to 400,000—ruoh as a 7« grain (0.010 gm.) dose makes with the thir¬ 
teen pounds of blood in tne body—with those of the alkaloid itself 
applied to mucous membranes or to denuded tissues. Even here, proof 
or the fallaciousness of the present conception asserts itself. Morphine 
Is a reducing agent, and, as shown by Landsberg and MarmA, it Is con¬ 
verted in tin tissues into oxydimorphine. It is, therefore, because it 
deprives the tissues to which it is directly applied of their omygen that 
It Obtunds sensibility. It does so, In other words, merely by inhibi tin g 
metabolism in those tissues precisely as would any other equally active 
reducing agent, and not as morphine. But this proves also that dimin¬ 
ished tissue^mldation is the underlying cause of analgesia, and mor¬ 
phine, by so stimulating the sympathetic center as to reduce the blood- 
supply m a congested and therefore overstimulated structure, doee noth¬ 
ing else. 
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Aonoir ab Hypnotic.—S leep is also induced by morphine 
because it provokes general constriction of the arterioles.* By 
thus reducing the blood supply to the brain and spinal cord, it 
lowers their functional activity, as it does that of other organs.* 
Morphine thus incites artificially a condition very similar to nor* 
mal sleep, since the latter is likewise due to diminished irri¬ 
tability of the cerebro-spinal system.* Morphine sleep differs 
from normal sleep only in that the irritability of the ncrve- 
cells is reduced by a diminution of the volume of blood, and, 
therefore, of adrenoxidase supplied to them, while in normal 
sleep the blood’B oxygenizing properties are reduced through a 
diminution of the proportion of adrenoxidase in the blood, the 
result in turn of a physiological depression of the adrenal 
center.* 


That the sleep induced by morphine is due to diminution of the 
blood eireulatiug in the brain has been determined experimentally. Thus 
Kauffmann" obse r ved “slowing of the capillary circulation with stasis,'* 
while Stoherbaeh** found that there was “diminution of the blood flowing 
to the brain"-?* normal consequence of contracted terminal arterioles. 
This evidently applies to the entire circulation, for Gulnard also found 
a diminution in the speed of the carotid current, which, bgr diminishing 
the blood supplied to various organs, cheeks the various secretions of 
tbs body, Inhibit* their functions. Both Nothhsgel" and Isaac Ott" 
found that opium checked peristalsis in animals as it is known to do in 
man. On the whole, toe changes of vascular caliber which endow mor¬ 
phine with its analgesic properties are also those which render it a 
soporific. The only difference between the two phenomena is that a 
larger dose is required to cause sleep besides analgesia, than it does to 
obtain analgesia alone. Thus, as stated by Cushny," “in man, it is 
often found that comparatively small quantities are sufficient to deaden 
or even entirely remove the pain of disease without rendering the patient 
unconscious." This is simply because pain is caused by so slight an 
exacerbation of local metabolic activity that a slight vasoconstriction 
will counteract it, while the production of sleep requires a greater de¬ 
gree of vasoconstriction to induce the state of “diminished Irritability of 
toe nervous system" which, according to Landois," exists during sleep. 

The after-effects of morphine arc due to a depression of 
the sympathetic center which lasts in proportion as the recuper¬ 
ative power of the center is marked.* Usually this is sufficiently 
great to prevent appreciable untoward effects after small doses; 
otherwise, even these may cause: lassitude, owing to the loss 
of tone of the arterioles in the skeletal muscles; nausea or vom- 
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iting, because of a similar condition in the gastric mucous mem¬ 
brane and muscles; and headache, owing to cerebral hyper¬ 
emia.* 

In neurasthenic individuals, especially women, the morbid 
effects of this secondary vasodilation may assume alarming pro¬ 
portions. The lassitude lapses into prostration with a low peri¬ 
pheral temperature, due to depletion of the cutaneous capil¬ 
laries.* Vertigo and fainting replace the headache when this 
occurs, both due to inadequate supply of blood to the brain.* 
Nausea and vomiting are usually very marked in these cases, 
the effusion of blood-fluids into the stomach, and the dilation 
of this vise us because of the relaxation of its muscles, being cor¬ 
respondingly great. The heart’s action is also morbidly influ¬ 
enced by the relaxation of its nutrient arterioles* and its action 
becomes feeble. As a result of this cardiac adynamia, the blood 
is not propelled with adequate vigor into the lungs, causing 
dyspnoea, nor into the vascular system. A vicious circle is thus 
established* which may culminate in Byncope and death. 

The explanations given in the text are self-evident. -The corre¬ 
sponding effects in animals are very marked. Wood* states that “after 
awaking, the dog shows unmistakable signs of nervous and psychical 
depression. In walking, the hind legs are dragged, as though semi- 
paralysed; the eyes are haggard; the naturally brave animal cowers 
in a corner or seeks to hide nimnelf, no longer recognising his master.. 
After smaller doses, the effects are proportionally less intense. It has 
been shown by Harley,” says the same author, “that in some dogs, pre- 
etsely as in some people, morphine fails to exert its usual hypnotic 
action, but produces great depression, as evinced by faintness, prolonged 
nausea and retching, interrupted only by intervals of dreamy, delirious 
somnolency.” 

Morphinism.—In this condition the morbid phenomena 
witnessed are due to a condition differing from the foregoing 
only in that the sympathetic center, overtaxed by the continu¬ 
ous use of the drug, finally becomes unable to preserve the tone 
of the arterioles throughout the organism, unless stimulated 
by steadily increasing doses.* This entails the development of 
morphinomania, since the craving for the drug is prompted by 
the pleasurable sensation that relief of the suffering provoked by 
general vasodilation procures. 

The symptoms betray plainly the loss of vascular tone :* 
weak and sometimes irregular pulse and heart-beat; light sleep, 
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disturbed by unpleasant dreams or distressing insomnia, both due 
to passive hypenemia of the cerebral capillaries and cells; hallu¬ 
cinations, day-dreams, and occasionally delirium, due to the same 
cause; sensory disorders, hyperesthesia, formication, etc., due 
to fluctuations of vascular tension; anaesthesia when, on the 
other hand, the central trunks are widely dilated at the expense 
of the peripheral vessels and, therefore, of those which supply 
the cutaneous sensory endingB; diminution of the reflexes and 
disorders of locomotion from tlic same cause; atonic dyspepsia, 
nausea, vomiting, diarrhoea—all due to dilation of the gastro¬ 
intestinal vessels, and the resulting relaxation of muscles and 
mucosa. 

Complications incident upon the loss of vascular tone soon 
appear.* Pustular and urticarial eruptions betoken the inade¬ 
quate conversion of toxic wastes,* both in the liver and the 
blood—a morbid factor for which simple vasodilation does not 
account. The lowered oxygenation of the peripheral tissues may 
also give rise to abscesses, gangrene, progressive emaciation, and 
muscular atrophy and loss of sexual powers. As the case pro¬ 
gresses, the circulation in both lobes of the pituitary body also 
becomes inadequate* and general collapse occurs. The test- 
organ and adrenal center are the first to feel the effects of this 
condition, owing to the great vascularity of the anterior lobe; 
as this organ constitutes, with the adrenals, the thermogenic 
mechanism, inhibition of its functions entails a corresponding 
decline of oxygenation and metabolism throughout the entire 
organism,* a condition soon followed by dissolution. 

The familiar clinical facta recited, the exaltation produced by the 
drug followed by marked depression, asserts itself also experimentally. 
Thus Kraepelin, 1 * in a study of the action of morphine upon the brain, 
found that it caused first marked excitation of the sensory functions anti 
a subsequent marked and rapid depression of the same, lie noted, more¬ 
over, that it produced a decided and persistent paralysis of the motor 
functions. The great depression of the adrenal system, which may occur 
at any time, is mown by the fact that bronxing is sometimes witnessed. 
Tbns, in a case successfully treated by Hollier," the skin of the entire 
body bad acquired the Addisonian hue. That the adrenal center—the 
thermogenic center, in the*light of my views—is depressed, is indicated 
not only by the marked fall of temperature, but also by the experiments 
of Reichert," which showed that the hypothermia caused by a toxic dose 
of morphine was due to “depression of the th er mog e nic centers in the 
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caudate nucleus** and to the resulting heat-production. Confirmatory 
also in this connection is the fact that the drugs which have been found 
most beneficial in morphinism are those which improve the vascular 
tone or which stimulate the adrenal center. Norman Kerr," for example, 
recommends digitalis and strophanthus, which combine both properties. 
Hunter Wells, 1 * in fact, found adrenalin strikingly’ effective in the treat¬ 
ment of a large number of cases in Korea. 

Acute Po isonin g.—All the phenomena enumerated in the 
foregoing pages occur in more or less rapid succession when a 
large dose of morphine is taken. The sympathetic center bears 
the brunt of the action of the poison, but the vasomotor center 
is also excited at first, so that a large quantity of blood is forced 
into the capillaries.* So marked is the general vasoconstric¬ 
tion—both arteries and arterioles—in the first stage, that all the 
blood is practically transferred to the capillaries and veins.* 
The circulation being thus greatly hampered and slowed, the 
arterial blood » rapidly reduced, deprived of its oxygen, by 
the surrounding tissues, and becomes dark and even absolutely 
venous in the capillaries.* lienee* the suffused, bloated and 
deeply cyanosed face and the labored and sometimes stertorous 
respiration, the contracted pupil, and the slow and forcible 
action of the heart, mainly due to the marked resistance of the 
blood-column. 

The sleep of a toxic dose of opium or morphine differs from 
that produced by a therapeutic dose of these agents in that it is 
stuporous, and due to the venous condition of the blood circulat¬ 
ing in the cerebro-spinal system.* It occurs soon after the 
ingestion of the poison, and deepens to a condition from which 
the patient can only be roused with the greatest difficulty. 

The relative arterial constriction is so great that the accumula¬ 
tion of blood in the veins can sometimes be discerned after death. Thus 
•T. Kwing“ found in a case of acute poisoning that “there was extreme 
oedema of the lungs, and marked otnom congestion of all viscera.” The 
(edema further Indicates the extreme tension to which the vessels sub¬ 
mitted—serum having been evidently forced through capillarv walls. 
Both Kauffraann and fluinard found, we hare seen, that the blood-stream 
waa slowed, owing to this vasoconstriction. 

The case may, under appropriate treatment, recede at this 
stage, the morbid phenomena disappearing gradually, or It may 
proceed on ita lethal course to the stage of collapse. 

Collapse is due here to a combination of two factors: the 
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extreme general vasoconstriction, due to direct irritation of tlie 
vasomotor center, and, as a result of the interference with the 
circulation, a venous condition of the blood.* 1 Tins venous 
blood is the cause of the lethal trend, however, since the lack 
of oxygen lint depresses, then paralyzes, the test-organ, the 
adrenal center, and the adrenals themselves.* The adrenal cen¬ 
ter being both the respiratory and thermogenic center,* death 
is caused by respiratory failure. 

The synlptoius observed are quite in keeping with this 
morbid process: the respirations grow steadily weaker, slower, 
shallower, and more distant. The skin, being supplied with 
blood deficient in oxyhwmoglobin. is at once jwle and cyanotic. 
The heart and pulse become gradually weaker, smaller, and 
irregular, until, shortly after cessation of respiration, they can 
no longer be discerned. 

Dott and Stockmann 1 * found that after large down morphine low¬ 
ered the vascular pressure, owing, they thought, to "depression of the 
respiratory center.’’ Reichert" also published records which show that 
"morphine is not only a powerful therm otic prrnna n I , but thut It has 
also, coupled with this action, one of some potency of the opposite char¬ 
acter, as is indicated by the fact that the profound rapid rail of tem¬ 
perature may beprec led by a rise, or mny be cheeked by a secondary 
rise, or both. The interpretation I submit in the general text accounts 
for these antagonistic phenomena: the rise of temperature occurs when 
the adrenal system has the upper hand; and the fall when the venous 
blood is depressing its action. Now, Reichert" pointed out a very 
important fact in this connection, via., that cocaine antagonised mor¬ 
phine-poisoning, and clinical observations have sustained his conclusion. 
On the other hand, I have called attention, in the article on cocaine, to 
the fact that this alkaloid exceeded others greatly in power aa a stim¬ 
ulant of the test-organ and adrenal center. The value of cocaine as a 
direct antagonist of morphine is thu« accounted for: by powerfully 
exciting the adrenal center it sustains its functions notwithstanding the 
venous condition of the blood, and, by thus enforcing a rapid production 
of adrenal secretion, increases in proportion the volume or adrenoxhlase 
In the blood. This affords the prerise weapon needed to save the 

E ’ tient’a life, since by endowing his blood witn oxygenizing properties, 
i venous quality, the deadly feature of the process, is simultaneously 
eliminated. 

The treatment of opium and morphine poisoning ia de¬ 
scribed in a special section at the end of this volume. 

Therapentioa.—Opium and morphine have not been super¬ 
seded by any of the more modern agents for the relief of pain. 
This cannot be said of their use in insomnia, for we have better 
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hypnotics, though none can replace morphine when .pain And 
insomnia are present simultaneously. The manner in which 
opium and morphine produce both these effects (according to 
my interpretation) suggests, however, a number of contraindi- 
caturns: in disorders of the brain, cerebral congestion, menin¬ 
gitis, mental excitement, delirium, etc., the use of large doses of 
morphine, by causing cerebral hyperemia, tends to aggravate 1 
the symptoms. Morphine is sometimes used in tetanus, epi¬ 
lepsy, eclampsia, etc., but the convulsions being due to an ac¬ 
cumulation of toxic wastes, the slowing of the capillary cir¬ 
culation and the venous condition of the blood tend to inhibit 
catabolism and thus to increase the proportion of these wastes,* 
the result being, in the end, an augmentation of the spasms. 
Their use in fevers is open to the same objection, since the 
febrile process is a protective one, carried out by an excess 
of auto-antitoxin in the blood.* To prevent the access of this 
blood to the capillaries of the liver and skin, where the patho¬ 
genic organisms and toxins are mainly destroyed, by provoking 
constriction of the arterioles is to defeat Nature's protective 
efforts. In intestinal disorders, the same protective function is 
carried out in a different way, i.e.. by the copious secretion of the 
constitutcnts of auto-antitoxin into the intestinal fluids, peri¬ 
stalsis being likewise enhanced to insure elimination- of the 
offending materials.* Opium and morphine, by causing undue 
constriction of the intestinal arterioles, arrest both the anti¬ 
toxic flushing and peristalsis.* This applies as well to the 
copious ex|HH‘torntion which serves to eliminate pathogenic 
materials and detritus from the respiratory tract. AH these 
contraindications are sustained by clinical observation. To 
this may be added the marked susceptibility of very young child¬ 
ren, of debilitated individuals of all kinds to its effects, and 
the danger of morphinism—-which precludes its prolonged use. 

There are many conditions, however, in which its value is 
firmly established. After the vomiting and purging of 
cholera morbus have insured elimination of the toxic materials, 
morphine checks the severe abdominal pain by causing constric¬ 
tion of the intestinal arterioles, thus inhibiting the excessive 
peristaltic action and the intestinal flux.* A similar action on 
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the intestines promptly relieves the marked suffering of lead 
colic* In hemorrhage, and especially the intestinal haunorrliagc 
due to intestinal perforation, morphine promptly stops the 
blood-flow by the same process,* since it is through the arte¬ 
rioles that the bleeding area is supplied with blood. By inhibit¬ 
ing the peristaltic movements, moreover, it tends materially to 
prevent recurrence. In asthma of nervous origin, in which the 
face is pale—a condition due to a marked lowering of the blood- 
pressure—morphine will often arrest a paroxysm by causing 
a rise of the latter and thus increasing the volume of blood 
exposed to the air in the pulmonary alveoli.* In diabetes, mor¬ 
phine proves useful by depressing the excessive functional 
activity of the adrenal center, thus reducing the proportion of 
adrenal secretion, i.e., of adrenoxidase, in the blood, a frequent 
cause of this disease. 

DRUGS WHICH RESEMBLE MORPHINE IN THEIR 
PHYSIOLOGICAL ACTION. 

Codeine differs from morphine only in that it iB consid¬ 
erably less active and. therefore, less poisonous. Such being the 
case, the stage of stimulation is more marked, and the propul¬ 
sive activity of the arterioles is kept up much longer than under 
morphine,* the constriction of the arterioles, which endows the 
latter with its analgesic and hypnotic properties, coming on much 
later.* Hence the value of codeine in irritative coughs, mild 
bronchitis, etc., since by increasing the supply of blood to the 
bronchi, it enhances (when given in small doses) the activity of 
the local curative process. In large doses, its action resembles 
that of morphine, but it does not as actively excite the sympa¬ 
thetic center. All the properties due to abnormal constriction 
of the arterioles* are therefore less evident: the sleep pro¬ 
duced is light and not restful; the effect on pain is also slight 
and fugacious; it does not inhibit peristalsis materially, nor 
cause constipation as readily as does morphine. For reasons 
submitted under "Tuberculosis” I do not advocate the use of 
opiates in the treatment of cough. 

Heroin acts much as does codeine, and its value in irritative 
coughs is also due to the tact that it increases the propulsive 
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activity of the arterioles and thus increaaea the volume of. arte¬ 
rial blood circulating in* the bronchial capillaries in a given 
time.* 

Salicylic Acid; the Salicylates .—These agents act much as 
do opium and morphine, but their action upon the sympathetic 
center is less violent.* In small therapeutic doses they came 
hyperconstriction of the arterioles and arrest by reduc¬ 
ing the volume of blood supplied to all tissues, including the 
painful area.* Simultaneously, and unlike the coal-tar products, 
they stimulate actively the test-organ, and through it the adrenal 
mechanism, thus augmenting the blood's asset in auto-anti¬ 
toxin.* Hence the fact that, besides acting as analgesics in 
rheumatism and gout, they prove curative, since they not only 
decrease the volume of blood circulating in the nerves of the 
painful regions,* but they also promote catabolism and the de¬ 
struction of the pathogenic elements. 

In large doses, salicylic acid and the salicylates increase 
the propulsive activity of the arterioles, and thus cause suffi¬ 
cient hyperemia of the central nervous system* to evoke symp¬ 
toms similar to those of cinclionism, tinnitus, headache, etc., 
and even hallucinations and delirium. Such doses are always 
dangerous, since at any moment they may cause such a marked 
reduction of the mean caliber of all arterioles that the cardiac 
muscle is inadequately supplied with blood, and thus rendered 
unable to carry on its functions. 

ANTI PYRIN. 

Phyxiologioal Action.—In some cases any dose of anti¬ 
pyrin, small or large, causes cutaneous hyperemia. The 
becomes flushed, unusually warm and hyperesthetic, and the 
flow of urine is increased and the reflexes are overactive. Thia 
is due to a temporary excitation by the drug of the vasomotor 
center.* All the arteries of the body being thus caused to con¬ 
tract, an unusual volume of arterial blood is driven into the 
arterioles and capillaries, including those of the akin.* 

In the average case, however, this preliminary stage is of, 
too short duration to be noticed.* Nevertheless, the cutaneous 
engorgement occurs, and may be marked even under the influ¬ 
ence of small doftssJ' 
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Vudlkr qrnpiomi point clearly to en g orgement of the peripheral 
eaplllartee Thus, H. Blakeney" observed a oaee in which there ap- 
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burning tn—Won in the mouth end throat end "extraordinarily rapid 
■welling'* of the line and cheeks, which quickly apread. Cera* and Car¬ 
ter - found that both email and large donee raised the arterial pressure. 
Qaabnli" also noted that the arterial pressure caused by thin drug wan 
accompanied by contraction of the internal vessels, including thane of 
the kidney. The presence of excessive cutaneous hyperwmla in also 
shown by the marked exaltation of reflex sensibility observed, after the 
injection of moderate doses, by Blumenau," Arduin, Demme, Simon ami 
Hoch, - and other investigators. Tactile sensibility was raised to such 
a ihgrwi in Blumenau’n animals (cat and frog) that the least touch or 
noiae caused general convulsions. Shoemaker - also states that In ani¬ 
mals “it occasions epileptiform and tetanic convulsions.” 

Halliday - found that such slight stimulation os blowing the breath 
gently on the surface of the animal’s body greatly intensified its reflex 
movements and caused convulsions. Sudulovski" noted increased urina¬ 


tion In frogs, rabbits and dogs. 

All these phenomena are evidently of nervous origin, for, while 
Bouchard*' observed that moderate doses of antipyrin caused muscular 
rigidity, Blumenau found that division of the sciatic and crural nerves 
caused the muscles supplied by these nerves to preserve their normal 
state when antipyrin was given while all others were rigid. 

"Notwithstanding the elevation of the blood-pressure,” writes Man- 
quat," "vasodilation n observed even after small doses.” Peripheral 
vasodilation after small doses was noted by Coppola," Querrolo," 
Maragiiano 71 and others. This vasodilation can be seen In the ear of 
rabbits, according to rasimir," while Maragiiano and Querrolo found 
plethysmographically that the immersed arm was Increased in wise by 
anti pyrin, showing that its peripheral vessels were dilated. Pisemakt" 
noted at the autopsy of dogs poisoned by daily doses of 18 to 48 grains 
(1 to 3 gm.) "intense engorgement of the brain and meninges with a 
serous exudate into the cerebral ventricles.” 


The effects of this hypenemia are soon masked, however, 
by those of the characteristic action of the drug, viz., excita¬ 
tion of the sympathetic center.* As a result, the sympathetic 
vasoconstrictors distributed to the arterioles cause abnormal 
constriction of these vessels, and the blood supplied by than 
to the capillaries is diminished in proportion.* 

We have seen that Cyon and Masay caused general vasoconstric¬ 
tion by stim ulating directly the pituitaiy body and that the investiga- 
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Uona of Jtiifiiaii y L'ajal, Andricmen, Haiti's mnd others have shown that 
tin pituitary body was connected with the centre I grey substance of 
the bese of the brain end the buib by nerve paths. The letter include, 
as previously shown, numerous sympathetic fibers. Now, when these 
are severed between the pituitary body and the bulb, that is to say, 
above the latter, antipyrin and other antipyretics are no longer active. 
This important fact was established by Sawadowski, 1 ? though he was 
unaware of the functions of the pituitary body, lie transected the basal 
ganglia, “the cut being made through the thalami optici or the posterior 
surface of the corpora striata.” Wo have seen that the sympathetic 
fibers from the pituitary cross the surface of the optic thalami; transec¬ 
tion of tiie latter, therefore, or behind the corpora striata, inevitably 
severed these fibers, preventing thereby the general vasoconstriction. 
While emphasizing the fact that the action of antipyrin was central, he 
states that in thirty-eight more or less successful experiments “neither 
the injection of putria substances, nor of antipyrin into a vein were 
able to induce any change in the temperature course.” In other words, 
the putrid Bubstance could no longer raise the temperature as it did in 
normal animals, while antipyrin could no longer raise and subsequently 
lower it, as it does in normal and febrile animals in which the nerve- 
paths of the base of the brain are normal. 

Sawadowski refers to the possibility of an action of antipyrin 
"through the agency of the vasomotor system or by diminution of heat 
production,” but ho states that "thin cannot be determined.” He refers 
to his investigations os having established “that diminution of the 
internal temperature went hand in hand with increase in the akin tem¬ 
perature in consequence of dilatation of the vessels of the skin, which 
fact hod already been indicated by Maragliano and his school.” This 
obviously harmonises with the conclusion to the same effect I have sub¬ 
mitted In the foregoing paragraphs. 

Action as Antipyretic.— It is by producing excessive 
constriction of the arterioles that it provokes through the sym¬ 
pathetic center, that antipyrin reduces the peripheral tempera¬ 
ture.* The caliber of the arterioles lieing materially reduced, 
the circulation of the blood in the capillaries is correspondingly 
slowed, and, being exposed unusually long to the reducing action 
of the tissues, it becomes more or less venous soon after pene¬ 
trating the capillaries.* The surface temperature is lowered 
in proportion. This action is enhanced by a similar constric¬ 
tion of the arterioles of the anterior pituitary.* The circula¬ 
tion in the organ being reduced, the functions of the adrenal 
center, and therefore of the adrenals likewise, are depressed 
and less adrenoxidase is formed.* Blood poor in oxygen now 
constituting the torpid streams circulating in the capillaries, 
and being reduced as usual by the tissues, it becomes venous 
unusually soon.* This is so marked in some cases, that cyanosis 
is produced. Sweating, due to relaxation of the sweat-glands 


,• a Ml tor* i confluiion, 

“ Bswsdowakl: Ontralbl. f. d. med. Wlssen.. M. nvl. S. Iff, IS!, 1HL 



ANT1PYU1N. 


1286 


ai mila r to that observed in moribunds,* depression, cooling of 
the surface, shivering, and lowering of the peripheral tempera¬ 
ture in febrile subjects, all occur as a result of this morbid 
process.* 

Many well-known clinicians, including Itobin. linve protested 
■ gains t the lute of antipyrin to reduce fever. Unnlet, 7 * over ten years 
ago, referring to this drug, laid stress on the fuel that “it ia always 
dangerous for the organism to interfere with oxidation proreHMes." 
Martinet," in a more recent research, found that antipyriu interfered 
with nutrition and oxidation. Robin" haa likewise shown that anti- 
pyrin reduces oxidation and.that large doses of the drug reduce the 
elimination of urea 21 to 33 per rant. Wood™ states that the original 
studies of Umbach," “who found tliut large doses of antipyriu very 
markedly decrease the elimination of urea,’* have been “abundantly con¬ 
firmed,” and refers to the investigations of Wicaowski, Walter, MHIIer, 
Robin, Jacubovitsch and Tausk. Along with Wood. Reichert and Hare," 
he had experimentally ascertained—a fact subsequently confirmed by 
Destrfe,** Cerna and Carter" nnd others—that in febrile animals anti- 
pyrin markedly decreased the heat-production. 

The cyanosis occasionally witnessed is at times very marked. In 
an instance reported by McCuully Hayes," for example, the patient’s 
face, within a quarter of an hour after taking 10 grains (0.04 gni.) “was 
cyanosed, his nose swollen and blue, and his eyes almost closed from 
swelling of the eyelids,” the skin being “cold nnd rlaminy.” In a case 
observed by E. Webster,* 4 the “lips and general aspect were decidedly 
Cyanotic,” though the mixture administered had only contained ft grains. 
The face was swollen, especially about the eyes—“so much so as to pre¬ 
vent any possibility of opening them.” The temperature in the axilla 
was only 97° F. (30.1° C'.). 

Cyanosis has been ascribed to a transformation of oxyhemoglobin 
into methemoglobin by Lupine" and llftnncqiic." Yet, Vierordt" thirty 
years ago, found that rubber rings left from 40 seconds to 6 minutes at 
the base of phalanges, caused tlie two speetroseopical bands of oxyhemo¬ 
globin of tlie blood In tlie latter to be replaced by a single band indica¬ 
tive of reduced hemoglobin ns it occurs in venous blood. Hulliday" also 
examined spectroscopically blood taken from the cyanosed lips of frogs 
and rabbits, both before and after death from antipyrin poisoning, and 
found that “the spectrum of methemoglobin was certainly not present." 
Others have recorded similar observations. Cyanosis here, therefore, is 
evidently not due to methemoglobin, but to the familiar cause of this 

e henomcnon, f.e., the accumulation in the blood of the capillaries of car- 
on dioxide.* 

Action as an Axaloksic.— Antipyrin relievos pain by 
reducing directly the sensitiveness of the peripheral sense- 
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organs.* The process is identical to that provoked by the drug 
in the reduction of fever.* Small doses suffice to irritate the 
sympathetic center adequately for this purpose, and the result¬ 
ing constriction of the arterioles reduces $he quantity of blood 
supplied to all peripheral organs. Pain being due to an excess 
of arterial blood in sensory nerves or their endings, it is not 
only relieved from this cause, but also by the fact that what 
blood is supplied to the sensory elements is poor in oxygen.* 

The investigations of Coppola, Querrolo and Maragliano^ have 
ah own that although the pressure is raised, peripheral vasodilation la 
observed even after small noses. This shows that small doses can evoke 
the typical effects of the drug. Simon and Hoch" found, moreover, that 
even In the earlier stages of the convulsive period, operations could be 
performed upon animals without anaesthetic. The general anaesthesia 
caused by the drug here Is but an exaggerated expression of its effect 
as an analgesic; the interepithelial nerve-endings are in both cases sup¬ 
plied inadequately with blood, which blood in turn becomes venous 
unduly early. The effects of interference with the capillary circulation 
also assert themselves in the central nervous system, and in the nerves, 
hence the beneficial effect of antipyrin in the neuralgic pains of loco¬ 
motor ataxia. Amin, while, as emphasised by Ifalliday, n one large dose 
may exalt the spinal reflexes, this may lie avoided by administering the 
drug in increasing doses. The functional exaltation, therefore, is but an 
ephemeral phenomenon, as I have previously stated. 

Pain is now ascribed by physiologists to a common factor. "The 
cause of pain is always an irritation of the sensory nerves exceeding ' 
the normal,” says Landols," in his recently published text-book. "All 
kinds of irritation: mechanical, thermal, chemical, electrical and somatic 
(inflammatory processes, disturbances of nutrition and the like) may 
excite pain.” It is by indirectly reducing the volume and vitalising 
activity of the blood of the irritated area, therefore, that antipyrln 
reduces, arrests or prevents pain.* 

Untoward Effect* and Poisoning.—The susceptibility to the 
effects of antipyrin varies greatly in different individuals. 
While large doses may be taken without appreciable untoward 
effects by some, others show evidence of intoxication after tak¬ 
ing very small quantities. Again, moderate doses may be taken 
safely a considerable time, and a small dose suddenly prove 
toxic. This is due to a corresponding sensibility of the sympa¬ 
thetic center at the time the drug is taken.* This sensibility 
may be congenital, the so-called “idiosyncrasy,” or occur as a 
result of old age, debility, etc., or it may be acquired by the 
use of agents which excite this center.* Antipyrin may thus be 
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taken safely a few or many times, even in comparatively large 
doses, and suddenly even a small dose prove toxic. 

The untoward effects of antipyrin are of two kinds: (1) 
those referred to at the beginning of this section, due to irri¬ 
tation of the vasomotor center, manifested by marked peripheral 
hyperemia, and when toxic doses are taken;* (2) the character¬ 
istic effects of the drug, those duo to excessive constriction of 
all arterioles, including those of the anterior pituitary, heart 
and skin, the result of violent stimulation of the aympatlu tic 
center.* 


The toxic effects of almost any dose after one or more doses of 
antipyrin have been taken without discomfort, are so familiar to all 
practitioners that no evidence need be adduced. The liypersensitivcness 
of the sympathetic center is not limited to nntipyrin. Thus Kteinhardt** 
reported a case of intolerance to all drugs of the same class, i.r., quinine, 
acetanilid, phenacetin and sodium salicylate, tried by him to cure a 
migraine—all active vasoconstrictors. 

So marked is the difference between the two general classes of phe¬ 
nomena produced by the drug that they have been divided into two 
cl as s e s by various writers. Demme, for instance, refers to two periods: 
an initial period, that of "excitation,” and a secondary period, that of 
"paralysis. Wood** states that “it is probable that in toxic doses the 
drug acts as a primary stimulant and a secondary depressant of the 
spinal cord." The special senses were also found to be “ttrst stimulated, 
then paralysed,” by Simon and Iloeh." 

The symptoms provoked by excitation of the vasomotor 
center are those of intense capillary hypenemia,* viz., sneezing; 
burning and swelling of the mouth and throat; nausea and 
vomiting; abdominal pain and diarrhoea. Skin-eruptions of 
various kinds, incident upon the imperfect elimination and 
retention in the cutaneous structures of various toxic wastes; 
red patches or diffused redness suggesting erythema, the onset 
of measles or scarlatina, etc.; urticaria, purpura, eczema, bulla*, 
etc., and even gangrene, may also appenr. Chronic poisoning 
may include any of these phenomena and excitability, tremors 
and gastric disorders, mental confusion, vertigo and tinnitus 
aurium. 

The morbid phenomena due to excessive excitation of the 
sympathetic center and the resulting constriction of the arte¬ 
rioles of the pituitary and heart,* are those of collapse. The 
cardiac action becomes more or less depressed and weak; it 
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may cease suddenly, the heart being arrested ip. diastole—evi¬ 
dence of its inability to contract upon the blood-stream. The 
formation of adrenoxidase being reduced owing to deficiency 
of adrenal secretion,* the respiration becomes hurried, the 
patient gasping for breath and showing every evidence of marked 
dyspnoea, the cyanosis becoming deeper as the lethal trend pro¬ 
ceeds. Death sometimes occurs from respiratory failure, i.e., 
before cardiac arrest. 


In other cases, the course of events is lees acute—the type 
due to gradual inhibition of pituitary and cardiac function 
through hyperconstriction of their arterioles.* There is great 
muscular weakness and finally complete paralysis. The face 
may lose its dusky hue and become blanched owing to relaxa¬ 
tion of the great central trunks and depletion of the super¬ 
ficial vessels, the blood-pressure steadily decreasing. The pulse 
becomes feeble, fluttering, intermittent and very rapid. The tem¬ 
perature is also lowered, sometimes 5 # C. (9° F.). The pupils 
dilate widely, and vision may become lost along with the other 
senses. The urine becomes albuminous and has the chocolate-hue 


of methoemoglobinuria; in the advanced stage, however, there is 
usually anuria. Somnolence may deepen into unconsciousness 
and coma, but death is sometimes preceded by convulsions, due 
to the accumulation of toxic wastes in the spinal system.* 


Mont of the case* of poisoning reported have occurred during the 
urn of the drug aa an antipyretic. >T We must not forget," save Manquat, 
“that it is in typhoid fever that antipyrin, even in small doses, has 
caused the greatest number of accident*. Moreover, a marked intoler¬ 
ance to antipyrin has been observed after typhoid fever which did not 
previously exist. In a series of 110 instances of poisoning collected from 
literature by Hare," acute symptoms are stated to have begun "at once” 
or "immediately” after the ingestion of the drug 32 times. In IS of 
these the Symptoms were those of "serious collapse,” the phenomena 
recorded including subnormal temperature, a feeble pulse, etc. The rest, 
however, all show some evidence of the morbid process primarily pro¬ 
voked by the drug: the typical eruptions, sneering, heat of the surface, 
cyanosis, etc., referred to above. The underlying vasoconstriction and 
the retention of toxic waste products in the dilated capillaries (which 
products should freely circulate in order to be converted normally into 
eliminable products), added to this vasodilation, completes the fist of 
factors required to account for the eruptions as well as the other morbid 
effects. Wechselmann,* in fact, was led by a careful study of the ques¬ 
tion, to ascribe antipyrin eruptions to lesions of the central nervous sys¬ 
tem, and especially the vasomotor apparatus. MalherbeF witnessed a 
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mm In which the penis bees me completely blade after taking a dose of 
S3 grains (1.8 gnu.), the same dose he had taken fifteen years for 
migraine. lie ref era to a similar case reported by Fournier. Gangrene 
was o b se rve d by Yeraeuil.** The inhibitory influence antipyrin baa on 
life processes, by arresting the drculation in the anterior pituitary and 
the heart, is shown by the morbid influence on oxygenation previously 
re f erred to. Jean and Frtdtncq 1 " found, moreover, that it reduced the 
intake of oxygen. 

The treatment of antipyrin poisoning is described in a 
special section at the end of this volume. 

Therapeutioa.—The foregoing facts account for the oppo¬ 
sition of experienced clinicians to the use of antipyrin in fever. 
By preventing the access of blood to the capillaries it antagon¬ 
izes, moreover, the functions of the body’s auto-protective 
mechanism and tends to paralyze the heart.* Much safer drugs 
are available to counteract hyperpyrexia when this threatens to 
produce hemolysis, which is very seldom the case.* 

It is as an analgesic that antipyrin proves valuable. In 
migraine, sciatica, neuralgia, etc., which, as will be seen, are 
due to hyperemia of the nerves per se, it produces marked relief 
by reducing the caliber of their nutrient arteries.* It is useful 
in pertussis by causing constriction of the laryngeal arterioles, 
thus reducing the local hypencstheeia.* Its value in chorea is 
accounted for by a corresponding action on the overactive 
muscles,* a process which explains also the value of antipyrin 
in rheumatism, articular and muscular, and gout.* It is effica¬ 
cious also when a localized congestion produces pain; thus in 
dysmenorrhcea it is sometimes very effective by deceasing the 
volume of blood circulating in the uterine tissues.* In epilepsy 
and tetanus the constriction of the arterioles, by preventing the 
cerebral hyp e nemia and the oxygenizing power of the blood cir¬ 
culating in the cerebro-epinal axis, tends to prevent paroxysms* 
—an observed fact. Finally, antipyrin can arrest lactation—a 
normal Tesult of the reduction of blood in the glandular ele¬ 
ments which the abnormal constriction of their arterioles 
entails.* 

Large doses of antipyrin, by producing capillary hyper¬ 
emia, tend to counteract the beneficial effects of the drug,* and 
should therefore be avoided. 
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SECRETIONS IN PHARMACODYNAMIC*. 


ACETANILID. 


Physiological Action. —Acetanilid differs from antipyrin in 
that a therapeutic dose excites the sympathetic center with more 
suddenness, and also, but less actively, the vasomotor center.* 
Aa in the case of antipyrin, however, the general constriction 
of the arterioles provoked retards the passage of the blood 
through the capillaries!, thus exposing it unusually long to the 
reducing action of the surrounding tissues.* The normal rela¬ 
tions between oxygen and carbon dioxide in the peripheral capil¬ 
laries (as in those of the body at large) being modified in that 
they contain less oxygen and more carbon dioxide than usual, 
the temperature of their own blood and that of the surrounding 
tissues is correspondingly lowered.* The effect of acetanilid 
is ephemeral as compared to antipyrin, however, the cyanosis it 
produces disappearing promptly after discontinuing its use. 

The purely nervous source of the phenomena produced by acetanilid 
and ita constrictor action are shown by the fact that cessation of its use 
in large quantities will be followed by general hypenemia and m a n iacal 
excitement, due evidently to relaxation of the vessels. A marked case 
of this kind was reported by Herrick. 1 * 1 The resumption of the drug 
arrested these mormd phenomena. Another interesting example was 
reported by Stengel and White,*" in a young woman who took surrep¬ 
titiously large quantities of the drug four or five years. Although the 
patient was exceedingly cyanosed, the lips and nails being almost alack, 
the authors state that “the cyanosis disappeared when the medicine 
was discontinued.” Its ephemeral action is plain. Stengel and White 
also state that “it is not easy to explain- the rapid recovery of normal 
conditions when the drug is withdrawn.” Its action on the sympathetic 
center readily accounts for the result. As soon as the vessels relax, the 
oxygenation of the blood in the capillaries becomes normal. Ltpine 1 " 
had already observed that the cyanosis of acetanilid ceased when the 
use of the drug was discontinued. 

Acetanilid, like antipyrin, by causing engorgement of the 
capillaries* gives rise to accumulation of carbon dioxide in the 
latter, and cyanosis, but this is sometimes followed when the 
use of the drug is prolonged, by the dissociation of haemoglobin 
and the formation of metluemoglobin. Not only does the im¬ 
prisoned blood acquire a muddy brownish color, but the urine 
may also appear dark brown. 

That imprisoned blood is unusually depleted of its oxygen by the 
tissues is shown by the fact that LSpine and Aubert" 1 found that the 
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oxy gen was distinctly dceramd. The rOle of carbon dioxide aa tlie 
eeuae of tjumb was aleo shown by Freund,*" who found apeetroacopie* 
ally no meUmmoglobin in a ease of enruira cyanuala cauaed by the 
drug. This re p res en ts but a preliminary condition of the blood, how¬ 
ever, lor methmmogtobin may occur aa a result of a still greater loss of 
oxyg en fay the blood, i.e., that which in the corpuscles per me serves to 
hold the luenlbglafain molecule in combination. While lupine, Weill*" 
and Hereeel found that acetanilid transformed lnrmoglobin into methm- 
mogiobin, the serum, according to Lupine, does not show the character¬ 
istic color of the latter, hence he concludes it must be produced in the 
red corpuscles. The disintegration of the blood is further emphasised 
by the fact that, as shown by HCnocque, nietliaemoglobinic blood ran no 
longer absorb oxygen. Denning*" recently found that in the dog the 
formation of methamoglobin, when 10 grains (0.04 gms.) per kilo of the 
drug was given, began in thirty minutes and readied its maximum in 
from four to six hours, the animal dying when 00 per cent, of mrthirmo- 
globin was present in the blood. Besides the many cases of methirmu- 
globinuria reported, cases in which the h«mntn|iorphyrin was found in 
. the urine (giving it a port-wine color) have also Iicen recorded, that of 
P. King Brown'" for instance. This pigment points to a still greater 
dissociation of hiemoglobin, owing to the almtrartion of oxygen.* 

As ib the case with antipyrin, the analgesic property of 
acetanilid is due to the early convention of arterial blood into 
venous blood in the capillaries, including those of the cerebro¬ 
spinal axis.* The activity of the general cellular metabolism 
being thus lowered, both the peripheral and central sensory 
elements are rendered less sensitive.* 

Herczel 1 " found that in dogs (which can stand large doses) ace¬ 
tanilid caused loss of reflexes in from five to ten minutes. Bokal"* also 
found experimentally that the drug para lyse, I the sensory elements of 
the cord. Weill, u> moreover, note.l general anesthesia in animals under 
the Influence of toxic doses. The anesthesia here is, of course, but an 
advanced stage of the process to which the analgesia is due. 

Untoward Effects and Poisoning. —As soon as the therapeu¬ 
tic dose is replaced by the moderate or large dose, acetanilid 
acquires the same properties as antipyrin. It irritates the vaso¬ 
motor center, and thereby causes the deep arteries to drive blood 
towards the capillaries.* Among the symptoms are: a full 
pulae-wave, headache, subdermal swelling and cetlema, pruritus, 
flushing, a scarlatinalike blushing, erythema and other cutane¬ 
ous disorders, polyuria, and also nausea, retching, vomiting and 
gastric pain. The increase of arterial blood thus projected into 
the tissues* produces an increase of metabolic activity therein. 


xlv. S. KM, ins. 


• Author'* eo mr l uMon. 

" Prmnd: Dent. med. Woch.. M. 

"•Weill: Ttadae de P»r«. 1887. 

"* Denning: Dent. Arvfclv f. kiln. W«A **d lxv. S- U4, 1888. 

"P. Kina Brown: Am*r. Jiwr. Wkd. Srl.. TVc.. < 90 1. 

"• Hamel: Wiener med. Work . Bd. xvsvN. S. «*l. MSS. MW, 1SS7. 

,w Bokal : Dent. med. Week.. Pd *‘M. S. SMS. 1887. 

111 Weill: Bull. xdn. de thdrap.. arfd. et chlr.. vol. exit. p. 1M, UB: tMn* 
da Part*. 1887. 



1292 INTERNAL SECRETIONS IN PHARMACODYNAMICS. 


L5plne ,u found that 0.40 gms. (0 grains) per ldlo of animal 
brought on in one-half hour a marked increase of cardiac power, with a 
rise of blood-pressure. H. C. Taylor experimentally ascertained that 0 

r im (0J6 gm.), even when rapidly increased to 40 grains (2.0 gms.) 

human subjects, caused a alight increase of urea excretion. LApine"* 
also found experimentally that an increase of urea was produced by the 
drug, but not Invariably. Most suggestive, however, is the investigation 
of Kumaguwa, u * who found, after exhaustive experiments, that 2 to 3 
gms. (30 to 45 grains) did not only increase the nitrogen elimination in 
the dog, but that 4 to 5 gms. (00 to 75 grains) increased it materially. 
The Increased tissue-waste which these results indicate is readily ac¬ 
counted for by the hypormnia of all organs which engorgement of their 
capillaries entails. 

The stage of collapse is similar to that caused by antipyrin. 
It comes on when the sympathetic constriction of the arte- 
rioles is sufficiently great to block the circulation of the anterior 
pituitary and heart.* The symptoms are similar to those that 
follow extirpation of the ad renal b, but aggravated by the fact 
that the circulation of the entire body is impeded by the reduced 
caliber of the vessels.* The skin is dusky, cyanotic, or livid; 
there is profuse sweating; intense weakness or general paraly¬ 
sis ; the pulse is very feeble and Bmall and may become thready; 
the surface temperature may be lowered several degrees, and 
steadily declines in lethal cases; the respiration is shallow and 
irregular, artificial breathing affording no relief. Albuminuria, 
with hoemoglobinuria, methaemoglobinuria or hoemntoporphyrin- 
uria, are also witnessed, but anuria occurs towards the termina¬ 
tion. The pupils are widely dilated, the eyes glazed and star¬ 
ing. When the end is near, convulsions—due to the accumu¬ 
lation of waste-products in the blood*—may occur. The heart’s 
action is first weak, then irregular; and death usually occurs 
from heart-failure, the organ remaining dilated, owing mainly 
to inadequate renewal of its myocardial blood.* 

The mechanism of the cardiac failure here does not differ much 
from that produced for constriction of the cardiac arterioles produced by 
other drugs. Instead of being restricted to the heart's vessels, the vaso¬ 
constriction is general and the heart is deprived of its blood as effect¬ 
ually. Hence the cardiac arrest in diastole—a process facilitated by 
the failure of adrenal functions. The cardiac dilation may be observed 
during life. Stengel, us alluding to the case previously referred to, states 
that "the heart increased tremendously In eiar," and that the patient 
"had had several attacks of acute dilatation, with the appearance and 
subsequent disappearance of a loud systolic murmur, with c or resp o nding 
increase and subsidence in the intense cyanosis.” 
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The treatment of acetanilid poisoning is described in a 
special section at the end of this volume. 

Therapeutios.— The indications of acetanilid are precisely 
the same as those -of untipyrin , 118 but it is preferable because 
small doses do not give rise to the primary stage of excitation 
and engorgement of the capillaries.* 

EX CITAT ION OP THE VASOMOTOR CENTER AND YENOSITY OP 
THE BLOOD AS THE BASIS OF Sl'ROH'AL AK.ENTI1KKIA. 

Sleep and insensitiveness to pain may also be produced by 
agents which cause the blood circulating in the central and ]>eri- 
pheral nervous systems, the cutan<<oua capillarity, etc., to liccome 
partly venous, metabolic activity being reduced in proportion. 
This is the characteristic mode of action of aiiaythetics. 

Chloroform, for example, by stimulating the vasomotor 
center causes general constriction of all the large vessels of the 
body, and thereby drives the blood towards the ]»criphery, includ¬ 
ing the cercbro-spinal system. This produces the familiar stage 
of excitement followed by that of surgical anaesthesia. The lat¬ 
ter is due simply to the fact that the crowding of the blood 
in the structures mentioned is such that stasis occurs, and. 
becoming venous in situ, fails to sustain local mctalmlism. The 
functions of the central nervous system, the peripheral nerve- 
ends, etc., being in nheynnee, sleep nnd nnawtlicsia arc produced. 

The main cause of death during chloroform is its action 
on the vasomotor center: by stimulating this center excessively 
it provokes marked constriction of the coronaries of the heart 
and, by depriving its walls of blood, arrests its action. 

The action of ether differs from that of chloroform only in 
that it does not excite the vasomotor center as violently. 
Though it causes death also by producing excessive constriction 
of the cardiac coronaries, the constrictor action is more gradual, 
and the first morbid effect of the heart’s deficient contractile 
power is its inability to project its blood efficiently into the 
lungs. Oxygenation soon becomes inadequate, and the respira¬ 
tion is the first function to cease in the majority of cases, the 
rest dying of cardiac arrest. 
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Nitrous oxide produces anaesthesia by preventing the access 
of air to the venous blood in the infra-alveolar capillaries, and, 
therefore, to the adrenal secretion it contains. The latter fail¬ 
ing to become oxygenized, i.e., to become converted into adren- 
oxidase, it passes into the arteries in its normal state and be¬ 
comes oxygenized at the expense of their blood. Hence the cya¬ 
nosis immediately produced by nitrous oxide, and the rapidity 
with which anaesthesia is induced, the entire organism, including 
the cerebro-spinal system, lieing supplied with blood deficient in 
oxygen. 


CHLOROFORM. 


Physiological Action. —Preceding its true action as an 
amesthetic is a short period during which, owing to the irritating 
action of the chloroform vapor upon the nasal mucous mem¬ 
brane, the heart may be arrested rcflexly. The sensory 
impulses lieing transmitted from the nasal mucous to the vaso¬ 
motor center and thence to the cardiac coronaries,* these 
vessels arc constricted sufficiently to deprive the cardiac muscle 
of the blood it requires to carry on its functions adequately.* 
Usually there occurs only a temporary depression of the blood- 
pressure, but occasionally the heart ceases its functions. 

Tlie irritating influence of chloroform on the nasal mucosa and the 
danger of reflex cardiac arrest therefrom in generally recognised, and has 
been demonstrated experimentally. Thtia, Gufrin 1 " found that If a 
rabbit be made to inhale chloroform directly through the trachea after 
tracheotomy, the heart ia in no way affected; if, however, the animal 
he made to inhale it through the nose, the heart in arrested. The pre¬ 
sence of vasomotor fibers in the vague which supplies the coronaries has 
been shown by Brown-RSquard and subsequently by Porter,'“ and my 
own researches"* have shown that what is now regarded as a physiolog¬ 
ical function, *.r., "inhibition” of the heart, is a pathological condi¬ 
tion due to excessive constriction of the coronaries. Kappeler"* and 
Laborde. 1 * In fact, found that this early inhibition by chloroform could 
be prevented in animals by cutting the vagus. 

The short duration of this phenomenon and its depressing influence 
upon the heart-muscle have been observed by many investigators. Thus, 
as stated by Wood.'" and “as was first proved by the English Chloroform 
Committee, after the first half-minute of the inhalation of chloroform 
there is a progressive lowering of the arterial pressure. This has been 
confirmed by ■all observers on the lower animals, and Blauel** has shown 
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by tonometries! experiment* thnt tlie mine |ilienomenon occurs in man.*' 
Mncwllliam 11 * also showed that during this very early stage the con¬ 
tractile power of the auricles and ventricles wus reduced, anil that these 
chambers were dilated. Striking in this connection is Lite fact oliserved 
by Levy and also l^pree, 1 ** that sudden denth may be caused during light 
chlorofonnisation by injecting even u small dose of adrenalin, which fur¬ 
ther contracts the coronary terminals, thus depriving the cardiac muscle 
of blood. 

This period is soon superseded by fhu preliminary or fir*l 
stage of anaesthesia. This is due to stimulation of the vaso- 
motor center. All the arteries (excepting the arterioles) 
being thus caused to contract simultaneously, the blood 
is driven into the smaller vessels mid capillaries, and thus 
enhances the funetionnl activity of all organs,* including the 
cercbro-spinal and muscular systems. Mon* or less resistance 
may then be oiTered hv the patient, csjhh’uiIIy robust, men and 
alcoholic subjects, accompanied hv violent movements, muscular 
rigidity and even spasm, the face being more or less flushed. 

According to Arloing, 1 ” “the early cxcito-cardiac action is often 
accompanied by a slight vasodilator excitation, liut this is fugacious and 
is soon replaced by vasoconstriction.” Then, “the vascular pressure is 
high; and there is simultaneously n diminution of the speed of the 
blood-current" (Manquat) The occurrence of general vasts-onstrietion 
was long ago emphasised by Muyer, Asp, Bernstein'* and others. More 
recently, Haskell and Shore'* obtained vasoeonstrietion (luring narcosis 
which they ascribed to excitation of the vasomotor cenlcrr They readied 
the same result by injecting chloroform into the litoral, by applying 
locally to tlie medulla, and by transferring the cliinrofnrin-laden blural 
of one animal to another. Tlie heart's action is slowed as the vascular 
resistance is increased sometimes ns much ns one-lialf, as observed by 
Macwllliam, ltL Bayliss and Starling 1 ** and others. 

What is usually regarded as the second stage of mm -os is 
and "surgical amrsthesia,” occurs when the engorgement of 
the arteriolea and capillaries liecomcn such that the blood can 
no longer freely circulate.* The torpor of the blood-si reams 
in the arterioles and capillaries finally becomes such that tin* 
oxygen supplied to the tissues is inadequate and their functional 
activity is reduced in proportion.* The various sensory ter- 
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minala and centers lose their sensibility, become anesthetic, 
and, the cerebro-spinal system being supplied with blood con¬ 
taining an unusual proportion of carbon dioxide, sleep and 
insensibility are produced.* The same blood circulating ,in the 
spinal cordnerve s, and muscles,* general muscular relaxation 
occurs, and the reflexes are abolished. Although the face is 
somewhat congested, owing to the cutaneons hyperemia , the 
temperature is lowered on account of the deficiency of oxygen 
in the cutaneous blood.* 

Arlolng*" found that the general vasoconstriction which occurred 
during the period of deep anesthesia was accompanied by slowing of the 
circulation. The crowding of the blood into the venous channels is 
shown by the venous pulse noted by Noel,"* and most easily observed in 
the external jugulars. The cyanosis sometimes witnessed in this stags 

C uts to inadequate renewal of oxygenated blood in the peripheral capil- 
iea; it represents an advanced stage, of this condition. Saint-Mar¬ 
tin 1 * found that during this stage, ».e., during complete anesthesia, there 
waa a reduction of oxygen in tin blood and an excesa of carbonic add. 

Untoward Effect a.—This semi-venous condition of the 
blood tends to inhibit the functions of all organs, but the most 
dangerous factor in this connection is excessive excitation of 
the vasomotor center.* Ae the cardiac coronaries take part in 
the general vasoconstriction provoked by chloroform, this 
anaesthetic tends to cause inhibition of the heart proportionally 
as the vasoconstriction is marked.* The circulation in the 
pituitary body, the adrenal center, and the adrenals themselves 
being also reduced in proportion, chloroform tends likewise to 
hamper the functions of these organs and to diminish the 
secretory activity of the adrenals, and thus to reduce both the 
contractile energy of the cardiac walls and the formation of 
adrenoxidase.* Death may, therefore, be caused in two ways 
by chloroform: (1) by primary cardiac arrest due to hypercon- 
Btriction of the coronaries; (S) by primary arrest of respira¬ 
tion due to paralysis of the adrenal center and the adrenals.* 
Both the cardiac and the respiratory functions may also fail 
simultaneously. 

The cessation of either the cardiac or respiratory func¬ 
tions is preceded by a rapid, weak, irregular and fluttering 
pulse, and increasing shallowness and irregularity of the breath- 
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ing. When the functions cease, either singly or unitedly, the 
general vasoconstriction is relaxed,* and the blood recedes 
from the periphery to the now dilating central trunks, causing 
extreme pallor and a ghastly grayish hue. The temperature falls 
steadily with the blood-prcssurc; the pupils, contracted when 
the carbon dioxide ratio of blood is low, and slightly dilated 
when it is becoming high, now dilatu widely and death follows. 

Macwilliam 11 * found that out of 357 deaths due to chloroform col¬ 
lected fay the Lancet Communion, cardiac failure had occurred 237 
times; respiratory failure, HO times; and failure of Imtli functions at 
the same time, 77 times. II. C. Wood, in his address before the iierlin 
International Congress (1800), had previously reached the conclusion 
that chloroform wan capable of causing death either by cardiac or 
respiratory failure, but especially by cardiac arrest when the heart was 
feeble. Commonly, however, both functions were abolished at nlmut tlio 
same time. The more recent investigations, of which hut a. few of the 
more striking can bo mentioned here, have fully sustained this opinion. 
Cardiac inhibition, we have seen, is duo to excessive constriction of thn 
cardiac arteries, particularly the coronaries, through vasomotor impulses 
transmitted by wny of the vagus. In 120 experiments in dogs, K. II. 
Emblry* found that “respiration was always continued in futal eases 
till after all hope of recovery was abandoned." He concluded that the 
cardiac arrest “was due to stimuli passing down the vagi, for, (a) it 
never occurred in animals in wiiieli the vagi had been previously divided; 
(ft) when occurring in animals with intact vagi, it immediately disap¬ 
peared upon section of both of them.” Moreover, he “never failed (ft 
cases) to occasion fatal syncope in a sufficiently chloroformed animal 
by excitation of one or both vagi by the interrupted current.” Helillfer 
and Scharlieb 11 * found the lieurt arrested in diastole and more or lesa 
filled with blood, the “paralytic dilatation" of laiuder Drunton and 
others, and that it was the “inhibitory mechanism which is brought into 
play by the action of chloroform.” 

That respiratory failure is due to adrenal insufficiency also caused 
by vasoconstrictor interference (a true adrenal inhibition) and the inn- 
sequent deficiency of adrenoxidase in the blmal, is shown by thn marked 
reduction of the blood’s oxygen ratio, lloth Paul Bert and tie Halnt- 
Martin found that during the stage of true anwsthesia the blood steadily 
becomes poorer in oxygen. The latter investigator oliserved, moreover, 
that carbon dioxide was markedly increased in nmrstlictised animals. 
While the normal proportion varies from 1.45 to 1.H8 c.e. per litre, dur¬ 
ing chloroform narcosis it reached 0.0 c.c. per litre. The reduced oxy¬ 
genation is further shown by the fact that the temperature is reduced. 
Kappeler**" found that when inhaled from 15 to 40 minutes, chloroform 
reduced it from OJt" to 1.1* C. (0.30° to 2° F.). and that prolonged 
anmthesia sometimes caused a fall of 5* C. (0° F.). Both the absorp¬ 
tion of o xyge n and the elimination of carbon dioxide are dependent, we 
have see n , upon the quantity of adrenoxidase the hlood contains. The 
fact that the adrenal s ecre tion also contributes to the heart’s contractile 
energy explains, moreover, why a deficiency of this secretion may, in 
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the presence of impending cardiac inhibition, cause both the cardiac and 
respiratory functions to fail simultaneously. 

Hare”* aptly defines the recession or blood from the periphery as 
follows: "The cause of death from chloroform is usually vasomotor 
depression, whereby the arterioles allow the blood to pass too freely into 
the great blood-vessel areas, and, as a result, the man is suddenly bled 
into nia' own vessels as effectually as into a bowl.” Shore and Qaskell 141 
ascertained that a large number of curves of the Hyderabad Commission 
pointed directly to heart-failure as the cause of the fall of pressure. But 
we must not overlook the fact that, as I have shown above, this is due to 
excessive vasoconstriction. 

The treatment of chloroform poisoning is described in a 
special section at the end of this volume. 

Danger Signals. —The untoward effects produced by chloro¬ 
form, in the light of tho foregoing analysis, arc of two kinds, 
though tending to destroy life by the same morbid process. 
The first of these, reflex arrest of the heart through the vaso¬ 
motor center,* can be prevented by avoiding irritation of the 
nasal mucous membrane. This danger may be entirely elimi¬ 
nated (1) by spraying a 10-per-cent, solution of cocaine over 
the nasal mucosa ten minutes before the use of the anesthetic 
is to begin; and (2) by administering very small quantities (the 
drop method) of the latter, along with a free supply of air. It 
is to be borne in mind that it » as a drug that chloroform acts 
upon the vasomotor center, and that the suffocation which 
deprivation of air involves only tends to increase the danger of 
the procedure.* 

When a case assumes a lethal trend during the period of 
full anaesthesia, the cardiac inhibition is brought on, we have 
seen, by excessive but direct stimulation of the vasomotor cen¬ 
ter.* The death-dealing factor being excessive constriction of 
the coronaries,* this can be prevented by watching the behavior 
of the arteries elsewhere: (1) the pin-point pupil is the extreme 
limit of safety, and indicates that the blood in the vessels that 
supply the iris is inadequately renewed, owing to excessive vaso¬ 
constriction ;* (2) the respiration is one of the first signs of 
weakening of the heart, since the venous blood is inadequately 
driven to the alveoli* and the automatic regular rhythm is 
replaced by irregular or short breathing, and sometimes stertor; 
(3) a full pulse-wave indicates a corresponding condition of the 
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coronaries ;* any diminution of expansion of the artery 
indicates a similar narrowing of these cardiac vessels ;* (4) the 
turgescence of the veins of the neck and face indicates the 
degree- of constriction to which the arteries of the system at 
large are being submitted;* marked vascular turgescence is a 
threatening sign. 

Clinical experience amply sustains the fact that the pupil, 
the respiration and the circulation must be watched while 
a dminis tering chloroform. 


ETHER. 

Physiological Action. —The physiological action of ether 
differs only from that of chloroform in that it excites less vio¬ 
lently the vasomotor center.* Its true action is preceded, as 
in the case of chloroform, by a morbid phenomenon due to the 
irritating action of the ether fumes upon the nasal mucous 
membrane, viz., temporary lowering of the blood-pressure due 
to reflex contraction of the cardiac coronaries* and depression 
of the heart’s contractile power through ischaemia of its walls. 
This reflex coronary constriction, provoked through violent 
sensory impulses transmitted by the nasal branches of the fifth 
pair to the vasomotor center,* is sufficient in some cases to 
prove fatal. 

Cushny'" states Unit “the first Chung** olwerved in the blowl-pres- 
suro tracing after chloroform or ether is often a slowing or even a tem¬ 
porary standstill of tha heart.” H. U. Wood'* says also that the pri¬ 
mary arrest of respiration during the first stage “is undoubtedly due 
to a local"irritation of the mucous membrane of the air-|»nssagps. 
Kretschmer 1 " prevented it "by previous section of the trigeminal nerves. 
We have seen, moreover, that it was by passing a current from tho 
nasal mucous membra no to the bulb that the brothers Weber inhibited 
the huart The violent excitation of the sensory trigeminus being trans¬ 
mitted to the vasomotor center, and thence to the coronaries by the vs so- 
motor fibers in the vagus (Brown-Wqiianl, Porter), the heart, no longer 
adequately fed hv its arteries, is unable to contract with its usual power 
upon the Wood-column, and may even remain dilated. 'The rtle of th« 
vasomotor fibers of the cervical vagus is well shown hy the fact that 
Hare 1 " found that preliminary division of the vapu* prevented the 
respiratory arrest due to ether irritation of the re spirato ry 

The influence of reflex action in the morbid process is e mphasised 
by the fact that Laborde found that the application of a weak solution 
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of cocaine to the nasal cavities prevented the untoward symptoms.' This 
was eonflrmed fay Rosenberg*" and others. The arrest of respiration, dur¬ 
ing the preliminary stage, is the normal outcome of the weakened or 
arrested cardiac action: the heart is no longer able to propel the blood 
to the lungs. 

The first effect of ether as an anaesthetic is to stimulate 
directly the vasomotor center.* The general vasoconstriction 
which ensues fortes the blood into the smaller arteries, and 
thence into the ecrcbro-spinal and peripheral capillaries.* This 
causes flushing and warmth of the surface, a sense of exhilara¬ 
tion, of physical lightness, visions, hallucinations of various 
kinds, roaring, hissing and ringing in the cars. Towards the 
end of this stage movements of the anus and legs may occur, 
the patient striving perhaps to rise. Shouting, raving, laughter 
and other manifestations of physical and mental excitement 
may also occur at this time. The muscles are then rigid. 

According to Wood, Sr., “the first effect of ether is usually to cause 
a pronounced rise in the arterisl pressure, which is commonly maintained 
even through a prolonged ether narcosis." The vasoconstriction must be 
very marked, since, as stated by Cushny 11 * and other observers, the face 
"may be suffused and cyanotic." Enlrabiirg 1 *" found the knee-jerk in¬ 
creased evidence that the spinal centers are unduly supplied with blood. 
The cutaneous liyperamia and cyanosis (successive steps) are normal re¬ 
sults of the constriction, hern as elsewhere, of the muscle-coated vessels, 
while the capillaries, deprived of muscles, become engorged, congested and 
dilated, lienee the initial period of excitement. Marchetti , * n attributes 
the high blood-pressure to a direct action of the ether on the adrenals. 


The stage of true anwsthesia comes on when the circula¬ 
tion in the capillaries of all organs is sufficiently slowed by the 
general vasoconstriction to supply them inadequately with oxy¬ 
gen.* Their functional activity is reduced in proportion. 
The tactile end-organs of the skin and the sensory paths of the 
spinal cord are the first to lose their sensibility, and antcstliesia 
may thus begin before the end of the stage of excitement. The 
cerebral functions are then suspended, narcosis supervening; 
soon thereafter all voluntary motor functions are also inhibited, 
as manifested by general relaxation of the skeletal muscles. 
Although tlie face is congested, the general temperature ia 
somewhat lowered, owing to the inadequate oxygenation of the 
peripheral structures.* The involuntary or automatic motor 
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functions are the last to yield, the respiration being slow, deep 
and rhythmic, the pulse somewhat quickened though stronger 
-r-in cases proceeding safely. 

Vaaoeonstrictfon persists, we have seen, “even through a prolonged 
ether narcosis," according to Wood, and “may continue until manifest 
failure of respiration.” Hence, narcosis must occur simultaneously with 
vasoconstriction. The reddish, i.e., hypenemic hue of the fare, neck, etc., 
betokens the presence of engorgement of the peripheral capillaries, while 
the cyanosis occasionally observed shows that the blood contained in 
these vessels is deficient in oxygen. Intense venous congestion was found 
post-mortem by llammond Smith. 11 * 

Untoward Effects.—When, from reddish and suffused, the 
face becomes pale or livid, either the heart or the respiration 
has failed. Death may thus lie caused in two ways: (1) by 
cardiac arrest, due to excessive stimulation of the vasomotor 
center and constriction of the cardiac coronaries lieyond limits 
of safety to the heart-muscle.* The heart-walls being inade¬ 
quately supplied with blood,* they are no longer able to con¬ 
tract upon their contents. This morbid process is aggravated 
by the increased resistance of the blood-column which the gen¬ 
eral vascular tension entails,* and by the venous condition of 
the blood.* (2) By arrest from the same causes, excessive vaso¬ 
constriction and venosity of the blood, of the functions of the 
pituitary body.* The functions of the adrenals lieing inhibited 
through paresis of their center, the proportion of adrenoxidase 
(oxyhemoglobin) formed becomes inadequate to sustain life,* 
and the patient dies of respiratory failure. This is the most 
frequent cause of death in ether anesthesia. 

The chances of death ore increased when, instead of admit¬ 
ting air with the anesthetic, the latter is administered pure. 
The adrenal secretion then passes the pulmonary alveoli in its 
pure state, and the general vasoconstriction is augmented 
artificially as it is by nitrous oxide.* 181 Cyanosis suggests the 
presence of this condition (since the adrenal secretion on enter¬ 
ing the arteries in its normal states at once robs their blood of 
oxygen), and the supply of air should tie increased when this 
symptom appears.* 

Both cardiac and respiratory failure are at once followed 
by general vasodilation. The blood receding into the great 
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central tranks suddenly depletes the peripheral capillaries.' 
Hence the pallor and lividity, the wide dilation of the pupils 
and other phenomena denoting approaching dissolution. 

The phenomena of cardiac inhibition are distinctly demonstrable 
experimentally. Cushny states'" that the frog’s heart, under ether, 
“beats more slowly and more weakly, and at the same time undergoes a 
certain amount of dilatation." These are the typical signs of uihibb 
tion. “Eventually,” writes the same author, “if the administration be 
carried far enough, the blood-pressure falls to aero and the heart ceases 
to beat. The way in which this fall of blood-pressure is produced has 
been the subject of prolonged discussion, but it is now generally recog¬ 
nised that the weakness of the heart is the chief factor.”. 

“The effects on the mammalian heart are very similar.” Obviously, 
being ischcemic, the heart ceases to sustain the vu a ter go motion of the 
blood, and the functions of the general vasomotor center cease. The 
intensity of the vascular constriction is emphasised by the observation 
of Hansom'** *•* that “the vessels of the Mag’s web are thrown into per¬ 
sistent spasm by the inhalation of other, while the transition is well 
exemplified by the researches of Bowditcli and Minot’* 4 In mammals, 
that “the vasomotor centers are at first stimulated and afterward de¬ 
pressed.’’ 1 ** Vasoconstriction of the cardiac arteries, plus active resist¬ 
ance of the blood-column, plus deficient adrenal secretion, and plus the 
venous -condition of the blood, amply account for the cardiac failure. 

Yet, experienced amesthetists generally agree in ascribing the 
majority of deatliB to failure of the respiration, i.e.. to asphyxia. The 
venous condition of the blood is strictly in accord with the Interpreta¬ 
tion of the morbid process I submit above. J. Chalmers Da Costa and 
Kalteyer,"* in a comprehensive study of the blood-changes induced by 
ether, write as follows: “The luemoglohin is always reduced absolutely; 
in some instances there is an apparent increase, but this rise in the per¬ 
centage of hemoglobin is never parallel with the rise in the number of 
red blood-cells. The Individual corpuscular value is therefore reduced.” 
The Influence of the deficiency of adrenoxidase is also well shown by 
the observation of Sweet'" that a comparison of the curve of the blood- 
pressure of a dog under ether with that of a dog from which the adrenals 
nave been removed is the same, though the gradual fall occurs somewhat 
sooner in the adienalectomised animal. 

The treatment of ether poi*oning in described in a special 
section' at the end of this volume. 

Banger Sign al s . —This interpretation of the manner in 
which ether produces untoward effects suggests precautions 
which, if strictly observed, would tend materially to prevent 
them and. decrease the number of fatalities.* Ether being a 
violent irritant, the danger of causing reflex arrest of the heart 
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can be prevented (1) by avoiding the sudden onslaught of its 
dense vapor upon the upper respiratory tract which the use of 
the folded towel or the cone insures; (2) by spraying a 10-per¬ 
cent. solution of eocaine into the nasal cavities about ten minutes 
before the administration of the anesthetic is begun; and (3) 
by administering a very Bmall quantity at first along with a 
free supply of air. As it is through its direct action upon the 
vasomotor center that ether produces anaesthesia, a small quan¬ 
tity, as given in the “drop method,” sulliccs to start with. 
Gradually, as the patient yields to the influence of the aiucs- 
thetic, the quantity is increased, air licing always admitted 
freely. Struggling is prevented by this plan, since this is 
usually prompted by a feeling of auifocution. 

Tho dangers of the period of deep uiucsthcaiu are com¬ 
mensurate with the proportion of ('<)„ in the blood, and the 
degree of tension to which the arteries are submitted.* When, 
therefore, the patient is ana>sthctized, the color of the skin, the 
"flush”—which indicates that the blood circulating in the 
arteries is sufficiently arterial to sustain vital functions of all 
organs, including the pituitary body and the heart—should be 
closely watched, and any indication of duskiness (not uwniling 
cyanosis) serve as an indication of a greater air supply.* To 
await dilation of the pupil, weakening of the pulse, respiratory 
distress, etc., is a dangerous feature of thu prevailing technique, 
since these are the signs of cardiac and pituitary inhibition.* 


NITROUS OXIDE. 


Physiological Action. —Nitrous oxide produces anaesthesia 
by preventing the access of oxygen to the pulmonary blood, i.e., 
to the venous blood containing the adrenal secretion.* 

Dutrtf* states that “pure nitrous oxide annstlietlse*, but it kills 
by causing asphyxia; mixed with air it does not kill, but it does not 
anwsthetiae." The view that its effeeta are due to asphyxia was 
opposed by Goltstein 11 * on the plea that nitrous oxide provoked sensory 
ana reflex phenomena whieh were absent when an inert gas was used. 
E O. Wood and Cerna" in a series of experiments found, however, that 
the circulatory phenomena of nitrous oxide anesthesia were very similar 
to those caused fay inhalations of pure nitrogen or by mechanical 
asphyxia, and that the addition of no small a portion « oxygen as 3 
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per cent, almost Ambled the time for the production of anmethaala, 
while 5 per cent, lengthened it nearly eight times. ▲ subsequent study 
by Wood -4 confirmed the conclusion that nitrous oxide pro duced anaa- 
tfassia by cutting off the supply of oxygen. His results fully confirmed 
those formulated by Ludimar Herrmann in 1864“* and other Investigar 
tors since, that nitrous oxide acted simply as an asphyxiant. Indeed, 
Colton, 1 * E. Thomson*** and Wood have all found experimentally that 
animals lived no longer in nitrous oxide than in hydrogen, nitrogen or 
a vacuum. 

By preventing the access of oxygen-laden air to the lungB, 
nitrous oxide prevents the conversion of the adrenal secretion 
into adrenoxidase. The secretion, by penetrating the arteries 
in its original condition, appropriates the oxygen of their blood, 
supplements the tissues in converting it into venous blood.* 
lienee the promptness with which cyanosis is produced.* 

Hermann, Jolyet and Blanche,'* ?k>ltstein, MncMunn,*** Buxton, 11 * 
Halliburton and Kemp, 1 ** all assert that nitrous oxide does not com¬ 
bine with hemoglobin. 1 " The cyanosis, therefore, must be due to the 
familiar cause, i.e., the accumulation of carbon dioxide. Yet, Oliver and 
Garrett"* found in the course of experiments upon dogs that during 
nitrous oxido anmthesia there was “a marked deficiency of oxygen and 
no weens of carbonic acid” in the blood. Obviously, the loss of oxygen 
was not due to tissue metabolism; some substance other than the tissues 
must have absorbed the oxygen. That this substance must be the 
adrenal secretion is evident; not only is it endowed with marked affinity 
for oxygen, but the oxygen-laden air being replaced by nitrous oxide, 
the accretion necessarily passes the pulmonary air-cells without taking 
up oxygen. Venous blood, laden with adrenal secretion, soon circulates 
in the arteries. Hence the venous character of the arterial blood. 

The temporary exhilarating effect of nitrous oxide, as 
manifested by hilarity, physical lightness, the sensation of well¬ 
being, etc., and the aural rumbling or buzzing are due to the 
ephemeral congestion of the cerebral and upper spinal centers 
which precedes complete aiuesthesia. This congestion is pro¬ 
duced mechanically: the adrenal secretion on entering the ar¬ 
teries provokes a fictitious vasoconstriction which progresses 
with the blow! containing it from the larger arteries to the 
smaller.* The terminal arterioles and the capillaries which re¬ 
ceive their blood thus become engorged, and the nervous ele- 
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meats they supply are inordinately excited as long as the blood 
remains arterial.* 

Oliver end Schafer"* have shown that the adrenal extract power¬ 
fully contracts the blood-vessels. Penetration of the adrenal accretion 
into the arteries, as stated above, nnut therefore not only raian the 
arterial pressure, but the process being an abnormal one, it cannot but 
preaent unusual characters. Referring to liia own elaborate experi¬ 
ments, H. C. Wood 1 " says that he found **tliat the inhalation of nitrous 
oxide is usually followed by a rise of arterial pressure, nccoiii|Miiiie«l by 
a great disturbance of the pulse/' The “rise and fall of the arterial 
pressure” was found to “vary remarkably, not only in different inhala¬ 
tions, but at different periods of the mime inhalation. Sometimes the 
rise waa sudden, sometimes it was gradual; sometimes it was main¬ 
tained until near death; sometimes it was interrupted very early; some¬ 
times it was not very well marked; sometimes it was enormous.” The 
engorgement of the cerebral capillaries is welI known by the fact that 
Amory " 1 found in cerebrometric experiments in dogs, that “there is dur¬ 
ing annthesia, increased blood-pressure in the. cerebrum with stasis in 
the capillaries.” Tills morbid rise of blood-pressure and the resulting 
cerebral hyperemia may cause fatal cerebral lucinorrhage in a predis¬ 
posed subject, as shown by a case reported by Hare."* 

Anaesthesia of the peripheral structures occurs lief ore nar¬ 
cosis is complete because the cutaneous capillaries are invaded 
sooner by venous blood than the cercbro-spinal cells.* When 
narcosis is complete, the venous blood has penetrated the cere¬ 
bral neurons, and by lowering their metabolism correspondingly 
inhibits their functional activity. An artificial sleep is thus 
produced.* 

The pyramidal cells of the cortex, wo have seen,'" alter tlieir form 
during sleep. Goddard"* found that in puppies decapitated after a 
night's rest, the heads dropping at once in fixing solutions, “it was diffi¬ 
cult to find a single varicosity on the dendrites,” while in very sleepy 
and tired puppies, a cell whose processes were not more or less varicose 
could hardly be found. Demoor'" noted similar effects in specimens of 
gray substance from a morph in iced dog; the processes or gemmules had 
disappeared, while a specimen taken before the morphine had lieen given 
was covered with regularly distributed gemmules. We have, evidently, 
in these processes, manifestations of erethism. As, in the light of my 
views, the dendrites, axis-cylinders, Abrils, etc., are but nervous capil¬ 
laries, the penetration in them of venous blood cannot but subdue this 
erethism, Goltstefn observed that the spinal reflexes of frogs were 
reduced, and attributed this to a direct action of the nitrous oxide; but 
the penetration of venous blood in the cellular elements flnely Recounts 
for this pheno m e n on without granting this gns direct amesthetie prop¬ 
erties. Their functions are merely in abeyance, as are those of all the 
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cells of the eerebro-spiiial axis. "During sleep,” says Landols,* "then 

is dimft.iri««l irritability of the entire nervous, system.”. 

"During sleep stronger irritation is required in order to exdte reflexes.” 

Untoward Effect!.— Death may be caused in two ways, 
(1) by cardiac arrest, owing to the resistance imposed upon the 
cavities of the heart by the excessively constricted arteries,* (8) 
by respiratory failure owing to the nonconversion of the adrenal 
secretion into oxidizing substance.* 

Oliver and Garrett 1 ” found in dogs killed with nitrous oxide, that 
the arteries were empty and the veins engorged. This is readily 
accounted for by the marked vasoconstrictor action of adrenal secretion 
whieh, as stated, penetrates the arteries without being converted into 
the adranoxidase.* The blood was necessarily forced into the veins. 
The same experimenters found all the heart eavities distended—a normal 
result of the intense back-pressure imposed upon this organ. As to the 
second cause of death, i.c., the non-formation of the adrenoxidaae, Wood 
states , 1m referring probably to his experiments, that "death always 
occurred from respiratory paralysis, the heart continuing to beat power¬ 
fully after respiration had ceased and the arterial pressure had fallen 
very low.” The heart is not deprived of adrenal secretion, hence its 
resistance; the respiratory process loses its aid, however, hence 
ure. Oliver and Garrett found the lungs collapsed. 

The treatment of nitrous oxide poisoning is described in a 
special section at the end of this volume. 

Banger Signals. —The mortality of nitrous oxide is prac¬ 
tically nil (about 1 in 150,000), owing mainly to the fact that it 
is used only for minor operations, the extraction of teeth, etc. 
As it unquestionably produces asphyxia, its prolonged use is con¬ 
traindicated. This drawback is partly overcome, however, by 
Cryeris apparatus, which enables the patient to inhale a certain 
proportion of oxygen along with the nitrous oxide gas, and also 
to administer at once nothing but oxygen when danger signals 
appear. 
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CHAPTER XXI. 


THE INTERNAL SECRETIONS IN TIIEIR RELATIONS 
TO PHARMACODYNAMICS {Continued). 

REMEDIES WHICH DEPRESS THE FUNCTIONS OF THE 

ADRENAL, VASOMOTOR AND SYMPATHETIC CENTERS. 

All the drugs analyzed so far which were shown to pro¬ 
duce their effects by influencing nerve-centers, were found to do 
so by stimulating those centers. Evidence will now lie sub¬ 
mitted to the effect that by means of other remedies we can 
produce a contrary action, i.e., depress these identical functions 
—profitably where excessive erethism prevuils—each agent 
described being likewise capable of doing so in a characteris¬ 
tic manner. 

Even the test-organ and the adrenal center can thus lie con¬ 
trolled through our drugs. Indeed, Nature seems to have pro¬ 
vided a substance, arsenic, which, merged in with the thyroi- 
dnse probably, tends to reduce markedly its sensitiveness. 
Whether we are dealing with a physiological constituent of the 
body or not, the fact remains, that it is found normally in great¬ 
est quantity in the thyroid gland and that it antagonizes directly 
the action of thyroid extract. Whereas the latter promotes cata¬ 
bolism and emaciation, arsenic prevents wear and tear of the 
tissue-cell. Thyroid breaks down fats; arsenic conserves them. 
The many beneficial effects it produces in cutaneous, nervous, 
and blood diseases are, we will see, accounted for by this one 
central action. 

Another, though of course artificial, agent of this class 
is chloral, which causes sleep by rapidly depressing the test- 
OTgan, and through it therefore, general metabolism. The 
muscularis of all vessels being the seat of less active exchange, 
it becomes relaxed, and the brain being deprived of some of its 
blood owing to accumulation of the latter in the great channels 
of the splanchnic area, sleep is promoted not only because of the 
diminution of blood in it, but because the blood itself is defl- 
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cient in adrenoxidase. Here, again, marked general phenomena 
are due not to action on peripheral structures, bnt upon a gen¬ 
eral center. 

Another form of depression, the converse, as it were, of the 
erethism procured by adrenalin and antitoxin, is that caused by 
alcohol in all but small doses. The stimulating property with 
which it is credited is an ephemeral phenomenon, as we will 
see, due to the sudden excess ot heat energy developed while 
it is being oxidised by the oxygen-laden adrenoxidase. The pro¬ 
cess itself brands alcohol as a depressant, however, since it is 
at the expense of the tissues that it robs the blood of this gas. 
It is because of the misinterpretation of the rflle of energy in 
the organism and of the prevailing misconception of the nature 
of the vital process, that it is regarded as a food. As a remedy 
it has but little claim to recognition: beyond the spurt of pro¬ 
teolytic activity acquired by the blood’s trypsin which a small 
dose of ethyl alcohol procures by liberating heat-energy, its 
trend is to paralyse the body’s protective functions, as shown 
in various ways. 

The test-organ ia not, however, the only center whose func¬ 
tions may be depressed directly or indirectly by drugs. As stated 
by Professor Charles Richet, 1 "all toxics (with rare exceptions, 
CO„ for instance, and a few other hemoglobin toxics) are 
hardly poisonous otherwise than through their action upon the 
norvo-cell. In the organism, the nerve-cell, to the detriment of 
other cells: muscular, glandular, epithelial, is the most sensi¬ 
tive to toxic action. These laws of excitation, then of depres¬ 
sion of the nerve-cell by poisons, are, therefore, vety general 
and applicable to almost all poisons.” This does not necessarily 
mean that nerve-ce nte r s are alone influenced in this manner, 
but it is self-evident that being the most highly organised of 
nervous structures, they should prove more sensitive to the 
action of toxics than either subsidiary centers or ordinary nerve- 
cells. 

Richet refers, however, to the secondary depression pro¬ 
duced by excitants, having shown in 1881 that even strychnine 
could be converted into an anesthetic if the animal’s life were 
prolonged sufficiently long. It is probable that all depressants 
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stimulate primarily, though so slightly in some instances, that 
the effects of this stimulation are not perceived. 

The mode of action of depressants on vascular centers is 
illustrated by the effects of bromides on the vasomotor center, 
mnd concomitantly, doubtless, upon the subsidiary spinal centers. 
Being depressed directly by these salts, the general center allows 
the vessels of the entire organism to dilate. The blood being 
thus caused to recede from all peripheral structures, the skin, 
cerebro-epinal system, etc., to collect in the great central chan¬ 
nels, the “depressomotor” influence of these salts becomes self- 
evident. By this depletion of the peripheral structures, in¬ 
cluding the pituitary^ body, the functions of all centers, includ¬ 
ing the adrenal center, are likewise depressed, and the produc¬ 
tion of adrenoxidase being correspondingly reduced, general 
nutrition is impaired. Hence the trophic disorders of bromism. 
We have here much the same process as that awakened by 
chloral, but brought about in a different way. The therapeutic 
kinship of these two drugs is well known. 

In veratrum viride we have a drug very similar in action 
to the bromides. By its direct and depressing action on 
the vasomotor center, it lowers the arterial tension to 
such a degree, that it "bleeds the patient into his own ves¬ 
sels.” The ischemia of the pituitary body and the skin pro¬ 
duced by large doses, so inhibits catabolism, however, that toxic 
wastes accumulate in the blood, including that circulating in 
the cerebro-epinal system, an action which causes a rise of the 
blood-pressure. We thus have the curious example of a drug 
which in therapeutic doses lowers the blood-pressure and in 
toxic doses raises it, thus counteracting its own physiological 
action—with threatened pituitary and cardiac inhibition if pro¬ 
longed. 

Depression of the sympathetic center is illustrated by 
three well-known agents, prominent among which is aconite. 
The general dilation of the arterioles thus produced allows an 
excess of arterial blood to enter the capillaries in general. 
When full doses are given, this marked though passive capillary 
hyp e remia excites the peripheral end-organs of sensibility and 
tin g lin g is caused, besides flushing, headache, etc. In poisonous 
doses, aconite also dep re ss es, then paralyses, the teft-organ and 
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through it the adrenal center.. The fonnation of adw wrid M W 
being arretted, the patient diet asphyxiated. 

Amyl nitrite likewise depresses the sympathetic center, 
and by thus causing dilation of the arterioles causes the familiar 
flushing, increased heart-action, etc. It differs from aconite ha 
that when given in large doses it depresses the vasomotor cen¬ 
ter, thus causing ischaemia of the peripheral organs and, there¬ 
fore, the hypothermia and cyanosis sometimes witnessed. The 
remarkable benefit amyl nitrite affords in angina pectoris finds 
its explanation in the reduction of vascular tension which dila¬ 
tion of all the arterioles of the body produces, for while the 
volume of blood admitted into the capillaries of the heart is 
augmented, the pressure behind the blood-columns as a whole 
is decreased. Nitroglycerin is the counterpart of amyl nitrite 
as to physiological action, and affords an admirable means for 
the perpetuation of the beneficial, though fugacious, effects 
obtained with the latter remedy. 

Creosote and kindred agents are shown to combine two 
seemingly antagonistic actions, via., to depress the 1 sympathetic 
and vasomotor centers and excite the adrenal center. In truth, 
this is but a normal result of the fact that these remedies are 
treated as foreign and harmful agents by the test-organ, and 
that it incites a protective reaction which entails the appear¬ 
ance of an excess of adrenoxidase, and, therefore, of auto-anti¬ 
toxin, in the blood. The beneficial effects of therapeutic doses 
are readily accounted for by these two properties: by caus¬ 
ing a vascular relaxation, creosote not only counteracts exces¬ 
sive vascular tension—a deadly phenomenon in lobar pneumonia, 
for instance—but the blood which penetrates through the di¬ 
lated arteries into the diseased areas being unusually bactericidal 
and antitoxic, the curative process is directly activated. 

ARSENIC. 

Physiological Action.—Arsenic, which, like other remedies 
is taken up by leucocytes, is the direct (and probably the 
physiological) antagonist of thyroidase as far as the stimulat¬ 
ing influence of the latter on the test-organ is concerned.* By 
depressing, through tins organ, the functional activity of the 

•iiOw'i mSHta. 
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adrenal center, it restrains the production of adrenal secretion 
and, therefore, the formation of adrenoxidaae.* This reduoea 
general oxygenation correspondingly.* 

Bearedka* found that the trisulphide of areenle whm Injected Into 
.the peritoneum of rabbits was taken up by leucocyte*. In the Interior 
of wutoh these yellowiah-red grains could readily be acen to break up 
Into amaller granules, and then to disappear. Gautier* found anrale 
In various structures, the thyroid, thymus, mammary gland, the akin, 
hair and nalla containing the most, and incorporated with the nucleo- 
protdds a^d iodine. It will doubtless prove to be n component of thy* 
inidssn * 

The constitutional effects of arsenic are evidently of eentml origin. 
"There is accord between the experimenters in regard to the cause of 
the final arsenical paralysis," writes Wood, “all finding that it la pro¬ 
duced fay a direct action of tin poison upon the nerve-centers. Aa 
stated by Cushny, paralysis is elicited In frogs by arsenic “much sooner 
than by arrest of she circulation by excision of ths heart. The drug 
most, therefore, net on the nerve-centers from the start. 

That it is the adrenal center which It depresses ia shown by the 
fact that, as stated by Cushny, “arsenio lessens oxidation of tlie tJasue. 
This la further emphasised by the obeervation of Bddart and Mabllle 
and Bwnld* that It antagonises the effects of thyroid extract, which, as 
we have seen, powerfully enhances oxidation. According to Hutchison, 
for Instance, the effect of thyroid extract is "to Increase oxidation In 
the body; it makes the tissues, aa it were, more Inflammable, so that 
they bum away more rapidly" n conclusion amply sustained by evi¬ 
dence adduced In the first volume. Conversely, as observed for Lauder 
Brunton,* arsenic Interferes with normal metabolism. This Is wo 
shown by the fact that Chittenden and Cummins* and others found that 
it reduced the excretion of carbon dioxide. 

The physiological action of thyroidase being to enhance 
catabolism both by stimulating the test-organ and the adrenal 
center, arsenic, as the antagonist of thyroidase, opposes cata¬ 
bolism, i.e., a too rapid consumption of the cellular dements.* 
While, therefore, thyroid extract in sufficient doses causes emaci¬ 
ation, as shown by its action in obesity, arsenic provokes the 
opposite effect, gain in flesh. 

The general effects of arsenic on nutrition are Illustrated bv the 
. use to which the peasants of Styrla, Tyrol and Lower Austria put it— 
the men to Increase their physical ■etivities, the women to enhance 
their charms, round off their shape, dear theircomplexlon, "^Tbdr 
habitual use of the drug; however, engendera tolerance, <•«■, haMtnatton 
of the adrenal center to its presence in the blood, and fncraaalngly 
large dceee hommne neceeeary to obtain the desired effects. Thsy than 
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become "arsenic-eaters.” Ah shown by Cloetta, however, much ol the 
arsenic ingested is not absorbed, but passes out with the fasces. 

Knapp* has witnessed, and brought before a medical meeting a 
peasant who took in their presence, without apparent discomfort, 0.33 
gm. (5 grains) of arsenous acid. Tills does not seem to influence the 
mortality of Styrian peasants, who, in fact, live to old age. Glee 1 * 
found that fowl could also be made to ingest large doses, if gradually 
habituated to the' drug. He also administered minute doees to some 
swung rabbits several weeks, leaving others of the same litter untreated. 
The treated animals became larger than' the controls, the muscles, bones, 
and fat being better developed. Others have made similar observations. 
Stockman and Greig, u however, noted only an increase in the size of 
the bones. It is well known, however, that animals given arsenic, lay 
on fat. Lardelli 11 confirmed this observation experimentally, but he 
found also that the increase in weight was due, "m great part,” to the 
nitrogenous constituents. 

In skin disorders, arsenic is beneficial because, by reduc- 
. ing the metabolic activity in the muscularis of arteries it 
causes, in small therapeutic doses, slight general vasodilation.* 
As the caliber of the cutaneous arterioles is likewise increased, 
the capillaries of the skin, among others, receive a greater in¬ 
flux of auto-antitoxin-laden arterial blood. This serves not only 
to free mechanically the cutaneous intercellular spaces of toxic 
wastes, cellular debris and other pathogenic substances that may 
be present, but also to hasten their destruction and insure their 
freer transmission to the general blood-stream where they are 
finally broken down and thus converted into benign and elimin- 
able excretory products.* 


physiological action of arsenio thus interpreted, indicates that 
it should not be used when the cutaneous disorder present is attended 
with acute inflammation: the greater influx of blood in the capillaries 
of the skin cannot but aggravate such a condition and the disease itself. 

This coincides with .the clinical results recorded by dermatolo¬ 
gists. Many have found arsenic harmful during the earlier stages of 
cell proliferation. Duhring, for instance, states that “it should not be 
prescribed where there is great heat, burning, intense itching, or rapid 
cell-change. It is not only of no benefit at this stage, but in most coses 
it is positively injurious, tending to augment the activity of the morbid 

J irocess. Broeq“ emphasises the importance of avoiding its use In the 
orms of eczema and other disorders attended by the least inflammatory 
phenomenon. Shoemaker* 1 deems it valuable only in the absence of 
Irritation and inflammation. In chronic, sluggish proc esse s, however, it 
is of great value. 

-The vasodilation produced is well shown by tiie fact that even 
therapeutic doses will cause, as is well known, cedema, i.e., effusion of 
blood-serum through the walls of the capillaries. 
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Untoward Effects. —When therapeutic doses are proving 
toxic, the cutaneous capillaries become overburdened with blood,* 
serous effusion into the connective tissue occurs, and oedema ap¬ 
pears, at first under the eyes, then elsewhere. 

The morbid effects of aalvaraan (dioxydiamidoaraenobenaol), aa de¬ 
scribed by Hoffman, Jaffa and Moirowaky, blue-red swelling of the face, 
lips and eyes, dyspnoea, severe diarrhoea and anuria, death being threat¬ 
ened,illustrate the paresis of the sympathetic control over the arteri¬ 
oles. This is further proven by the fact that, as first shown by hlilian 
of Paris, the free use of adrenal, which, as is well known, contracts these 
arterioles, counteracts the morbid effects of sslvarsan. 

Chronio Poisoning. —The chronic form of arsenic poison¬ 
ing, due to the absorption of very small particles from wall¬ 
paper, arsenical paints, stuffed animals, factories, mines, bev¬ 
erages, etc., illustrates the gradual development of lesions inci¬ 
dent upon lowered general metabolism. Increasing weakness, 
gastric dilation, headache, lacliryniation, congestion of the con¬ 
junctiva, coryza, sneezing, cough, cardiac dilation, enlargement 
of the liver, swelling beneath the eyes or of the face and 
extremities, all point to a general relaxation of the muscles, in¬ 
cluding those of the cardiovascular system. Imperfect cleav¬ 
age of toxic wastes causes the appearance of eruptions of vari¬ 
ous kinds, some attended by intense itching. Bronzing is often 
witnessed in these cases, the skin falling off in brownish scales 
or in large flakes. Pallor and slight cyanosis may Ik* observed. 

Nervous disorders appear in practically all cases—sensory 
affections especial!}', varying from slight panpsthesia to com¬ 
plete anaesthesia due to imperfect oxygenation of the peripheral 
end-organs, to intense headache, neuralgia, muscular tenderness, 
pains in the joints, formication of the lower extremities, ami 
perversions of the temperature sense. Ervthmnielalgia, 
swelling, redness, and liypeiwsthcsia of the palms and soles, 
may also appear. Motor paralyses arc met with in a large pro¬ 
portion of cases, in the lower extremities especially, recalling 
locomotor ataxia, and are often preceded by the sensory phe¬ 
nomena. They usually begin in the toes or fingers and are 
generally symmetrical. The knee-jerks may be exaggerated 
early in the history of a ease, but when paralysis and atrophy 
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appear, they are absent. Prolonged intoxication has given rise 
to insanity and epilepsy, and to a state of mental torpor simulat¬ 
ing idiocy. 

Airthese morbid phenomena gradually disappear when the 
patient is no longer exposed to the effects of the poison and 
judiciously treated, provided disintegration of the muscular tis¬ 
sue has not occurred. 

The pathology of chronic araenfc poisoning, aa stated fay Cuehny, 
U "still obscure," but its nature—in the light of the foregoing analysis— 
is plainly suggested in view of the fact that, as observed by Wood, 1 * 
"a peculiar brown pigmentation of the skin," a light bronzing, "is 
almost pathognomonic of chronic arsenicalism.” This pigmentation may 
even be generalised as shown by a case reported by J. Sobel," some 
regions, the anterior and posterior surfaces of the neck, the inner sides 
of the thighs, etc., being "dark brown.” Arsenic inhibits the functions 
of the adrenal system, and causes general vasodilation. 

The lesions fouiid in the spinal cord are usually ascribed to a 
“neuritis," a "myelitis," or the cord is said to be “inflamed." 'When, 
however, wc consider that these conditions are said to be observed Imme¬ 
diately after death from acute experimental poisoning, it becomes evi¬ 
dent, in view of the data just submitted, that the condition present is 
misunderstood. What we see under these conditions is not an "in¬ 
flamed" cord but an organ the .vessels of which are dilated precisely as 
they are throughout the entire body.* In more protracted cases the 
vessels are said to he surrounded by an "exudation” ascribed to a so- 
called “inflammatory process;'’ but we are obviously dealing with an 
accumulation of blood-fluids. The walls of the vessels are said to be 
"thickened” and the cellular nervous elements "degenerated," but these 
are merely morphological alterations due to engorgement of the vasa 
vuHorum and of the cellular elements themselves, including the multi¬ 
polar cells, due to the one morbid effect of the drug: general vaso¬ 
dilation. Even the widespread “fatty degeneration" so-called is naught 
else, as we have seen in the first volume, but blood-serum converted Into 
myosin. Wonder is expressed in text-books that in practically all cases, 
whether due to acute or chronic poisoning and even in paralytics show¬ 
ing the "reactions of degeneration," recovery occurs after discontinuing 
the use of the drug. This result becomes a normal one, however, when 
absorption of extmvasated fluid devoid of physiological value and re¬ 
sumption of vascular tone are taken into account. 

Acute Poisoning. —Arsenic, arsenous acid, when in con¬ 

tact with the fluids of living tissues, i.e., the blood-serum, be¬ 
comes converted into arsenic acid, owing to the presence of the 
oxygen-laden adrenoxidase in tlieae fluids.* Therapeutic doses 
of arsenic on reaching the stomach liecorae, therefore, markedly 
active and may excite gastro-intestinal irritation. 

Adrenoxidase is a constituent, we have seen, of the blood-serum, 
and therefore of the various secretions. Bins and Schulz" found that 
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albumin, fibrin and blood could convert arsenous to arsenic acid, and 
•toe versa, the brain, liver, pancreas and kidney exercising marked 
activity in this p r oee e s , and fats none. Cushny” also deems it probable 
H that the oxides of arsenlo alone are capable of modifying vital func¬ 
tions. H The avidity of arsenic for oxygen ia satisfied as soon as it 
reaches the oxygen-laden fluids and tissues, and the violent abstraction 
of <**■ gas from the latter accounts for its corrosive action. 

It is owing to the presence of adrenoxidasc in the fluids 
of the entire alimentary canal that a poisonous dose of arsenic 
may cause severe pain in the throat, (esophagus, stomach, and 
abdomen, nausea and vomiting, and organic lesions, conges¬ 
tion, ecchymoses, erosions attended sometimes by hn'inorrhagcs.* 
Purging is likewise tlie result, though only in part, of the violent 
intestinal irritation. Althongli the discharges may be merely 
loose, greenish, or yellow, they often assume the asiiect of the rice- 
water stools of Asiatic cholera, and contain minute flakes of 
mucous membrane. The excessive loss‘of fluid may then entail 
diminution or suppression of urine. 

The general or secondary effects of the poison are of another 
order. Arsenic is readily absorbed and the functional activity 
of the adrenal center is soon depressed and Anally inhibited. 
Owing to the more or less advanced adrenal insufficiency thus 
engendered, the heart's action and the pulse become weak and 
small, and because of the marked general vasodilation, very 
rapid. The respirations are painful, labored, and frequent— 
an effort to compensate for the paucity of adrenal secretion 
available. As a result of the diminution of adrenoxidasc in the 
blood and tissues the temperature gradually recedes, the ex¬ 
tremities and body become very cold—recalling, with the con¬ 
comitant symptoms, cramps, etc., the algid stage of cholera, 
dradually as the blood loses its oxygenizing properties, the sur¬ 
face becomes dark and cyanosed, coma, and sometimes convul¬ 
sions, supervene, and death ends the patient's intense suffering. 

lbs functions of the adrenal center are evidently inhibited. Thus, 
arsenic may, as we have seen, provoke the characteristic symptoms of 
Addison’s disease—progressive wasting, asthenia, hypothermia, general 
vasodilation, etc., including the characteristic pigmentation, bronz¬ 
ing —all of which often disappear when the use of arsenic is discon¬ 
tinued. The case of Enriques and Lereboullet, 1 * Hutchinson,*• POrster ,* 1 
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RJchardi&re," neuuo," Lsugmaky," and many others reported, afford erl- 
denee to this effect. 

Subserone eochymoees in the endocardium, confined to the left 
ventricle in eight out of ten c a ses of acute arsenical poisoning, was 
observed by Powell," police surgeon in Bombay. 

Moreover, arsenic, by causing isehnwnia of the pituitary, deprives 
it of its reflex activity.* 

Boehm and Unterberger* found that both the sensory and motor 
paths of the upper spinal cord failed to cause the usual vasoconstric¬ 
tion. Such was also the ease after Cyon and Massolonoo had removed 
the pituitary body- This cannot be due to inability of the paths them¬ 
selves or of the muscular coats of the arteries (owing to inhibition of 
their metabolism) to react under the influence of the stimulus, since 
the authors found that the arteries of the ear of the same animals were 
still constricted sufficiently to cause pallor when the cervical sympa¬ 
thetic was stimulated. Hence, we are dealing with a central paralysis, 
in accord with the prevailing view among therapeutists—but of a cen¬ 
ter located in the pituitary body, that of the adrenals. Pistorius" 
recently argued that it was the vasomotor center which lost it control 
over vessels, but as shown by Boehm and Unterberger, arsenic is first 
of all a respiratory poison—a view sustained by the marked inhibitory 
effect of arsenic on oxygenation, a process governed by the adrenal cen¬ 
ter, i.e., the thermic center.* 

After large doses, collapse and death may occur suddenly 
within twenty-four hours, the case lapsing almost from the 
start into the advanced stage. When the quantity ingested is 
not great, or when' a part of it has been eliminated by vomiting, 
the primary symptoms may cease and the patient apparently 
improve. In many instances, however, this is only temporary; 
a recrudescence of the symptoms occurs, more intense perhaps 
than the first, but often accompanied (as a result of the cor¬ 
rosive action of the poison on the alimentary canal) by fever, 
a dry tongue, and considerable tumefaction of the abdomen. 
Eruptions, which may-be pustular, papular, vesicular, or pete¬ 
chial, are often witnessed in these cases. The algidity, the 
intense dyspncea, cyanosis, muscular trembling, cramps, and 
other characteristic symptoms of a primary acute attack never¬ 
theless prevail and death may take place between the second and 
sixth day. 

Recovery in such cases is slow and is usually attended by 
disorders of various types: of the stomach and intestines owing 
to the local lesions; of the nervous system or of limited por- 
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turns thereof, sensory or motor, due mainly to trophic changes 
( |nri n g the whole process; of the liver and kidneys owing to 
of toxic substances in the blood, etc. 

In the epidemic of arsenical poisoning which occurred in Man¬ 
chester a few years ago among beer-drinlcera, E. 8. Reynolds'* found a 
large number of cases of peripheral neuritis, especially among women. 
In many of the cases the skin of the armpits, the ninnies and the 
genital organs “was deeply pigmented, as in Addison’s disease.” Out 
of a aeries of 283 cases of neuritis collected by W. Janowski,” ISO were 
found to be due to acute arsenical poisoning. As observed by Boehm 
end Unterberger, and Pistorius, in poisoned animals even such large 
trunks as the splanchnic, which at first transmitted impulses, failed 
to do so later on. Impaired metabolism in their structure is a normal 
result of adrenal insufficiency caused by arsenic. It is, in fact, the 
main initial feature of the post-acute nervous disorders, when all nenr- 
oue elements are regarded as channels for oxygen-laden blood-plasma. 

The treatment of arsenic poisoning is described in a special 
section at the end of this volume. 

Therapeutics.—The manner in which arsenic produces it* 
beneficial effects in certain skin diseases was explained on page 
1303. It has proven equally efficacious in pernicious amentia, 
a disorder due, as will be shown elsewhere, to haemolysis through 
excess of auto-antitoxin and adrenoxidase in the blood.* By re¬ 
ducing the activity of the adrenal center and the production of 
adrenoxidase, arsenic counteracts this morbid phenomenon.* 
It is also a specific in chorea , another disorder due to exces¬ 
sive metabolic activity resulting in uncontrollable muscular 
activity.* In diabetes, the manner in which arsenic produces 
its beneficial effects is almost self-evident: wc have seen that 
this disorder is due to excessive activity of the anterior pituit¬ 
ary, manifested through the test-organ and the adrenal center;* 
arsenic by depressing the activity of the adrenal center* counter¬ 
acts the morbid process. In torpid catarrhal processes, chronic 
rhinitis, chronic gastritis, etc., and in persons who readily "toko 
cold” and whose extremities are usually hypothermic, arsenic is 
il«o of value, owing to its action on the arterioles of the 
mucous membrane and skin. The excess of the arterial blood 
admitted into the capillaries enhances the curative process by 
introducing an excess of auto-antitoxin in the diseased tis¬ 
sues, and relieves the superficial hypothermia and ten- 
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dency to "colds” in debilitated individuals.* It is also because 
the cutaneous hyperemia thus produced insures an increased 
supply of auto-antitoxin in the superficial tissues* that arsenic, 
as stated in the first volume, 10 protects the body against malaria, 
and other diseases in which the pathogenic agent is introduced 
into the .blood by the sting or bite of inscctB, infection under 
these conditions depending upon the antitoxic activity of tho 
cutaneous blood.* The curative action of arsenic in intermit - 
tent fever is likewise due to the accumulation of auto-antitoxin 
in the cutaneous capillaries*—the minute channels which 
Nature utilizes as a powerful adjunct to the liver when an 
exacerbation of defensive activity, "fever,” becomes necessary.* 


CHLORAL. 

Physiological Action. —Chloral causes sleep by depressing 
directly the functional activity of the test-organ and, through it, 
of the adrenal center. The quantity of adrenal secretion pro¬ 
duced being diminished, less adrenoxidasc is formed and the 
metabolic processes in general become less active.* The brain, 
owing to the great volume of blood it contains, is one of the 
first organs to feel the influence of lowered oxygenation; the 
gemmules of its cellular elements are retracted and compara¬ 
tively normal sleep is produced when the dose is not excessive.* 
The respirations, the cardiac action and the pulse are some¬ 
what slowed and the temperature is slightly lowered, but on 
awakening from four to eight hours after ingesting the dose, the 
patient feels about as usual, though perhaps a little weary and 
confused. 

That chloral la absorbed unchanged in the blood and circulates 
as such is now generally recognised. Ltebreich’s view, that it is split 
Into chloroform and sodium formiate, baa been shown by Labbde," 
TomaacewinP and others to be erroneous. It is not, however, by a 
direct action on the blood itself that it acts, for Rajewsky* found that 
the drug produced its typical effects on a frog whose blood had been 
replaced by salt solution. Nor is it by a direct action on the motor 
nerves, for the same investigator and LahbCe found that even fatal 
do se s had no influence on these structures. Both these investigators 
traced the phenomena witnessed to the spinal centers. 
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The prevailing view la that chloral paralyses the respiratory can¬ 
ter. Although, aa observed by Loewy," there i« practically no differ¬ 
ence between normal eleep and the effect of a therapeutic doee in this 
particular, Cuahny" eta tea that “as the done is increased ...... the 

respiration b ecomes very slow and weak, and finally ceases from par¬ 
alysis of the center." Even therapeutic doses, as observed by DaCosta* 
ami others, reduce the temperature. When the doses are large, this 
reduction may become very marked. Thus, B. Ward Richardson" 
observed a reduction of 10.8° F. (0° C.) in the rabbit. Hammers ten" 1 
obtained a similar reduction in one hour, “though the animals were 
well wrapped up and laid in a warm place.” This is evidently due to 
deficiency of oxygen-absorbing power of the blood, for the air utilised 
Is considerably reduced. Thus Wood and Cerna" found experimentally 
that the reduction in the amount of inspired air produced by largn 
doeea was, in many instances, 50 per cent., and that sometimes It 
amounted to 75 per cent. These experiments demonstrated, in tlieir 
opinion, that in the dog, chloral was a true respiratory depressant. 
Again, the effects of chloral in man being similar to those exerted upon 
the dog, they conclude that in human beings chloral likewise paralyses 
the respiratory centers. H. W. Mitchell" refers to a ease in which the 
oxygenation of the blood was sufficiently impaired to produce cyanosis. 
Wood concludes," in view of Rajewsky's experiments, that “the influence 
of chloral must be exerted upon the respiratory center at the hose of 
the brain.” All these observations harmonise with those of Richet," 
who found that chloral greatly reduced the excretion of carbon dioxide, 
and with those of Germain SW* and others, who ascribe to chloral a 
paralysing action on the "thermic centers”—also thought to be at the 
ease of the brain. As 1 have pointed out," the thermic center is tho 
adrenal center. 

As the paralysis of the adrenal renter becomes more marked 
gradually aa the dose is increased, the oxygen izat ion of the 
tissues is correspondingly lowered and the functional activity of 
all organa, including the muscular layer in the walla of the ves¬ 
sels and the cardiac muscle, is lowered in proportion.* Gen¬ 
eral vasodilation occurs as a normal result.* This feature of 
the action of chloral renders the use of large doses dangerous. 

Large therapeutic doses, by augmenting the adrenal insuffi¬ 
ciency and causing marked general vasodilation.* product! a 
deep sleep which lasts twelve to eighteen hours, and from which 
the patient can only be awakened with considerable difficulty. 
All functions being to a certain extent impaired by tho paucity 
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of adrenozidaae in the blood,* the respiration* are reduced, the 
pulse becomes weak, and reflex activity is markedly diminished. 
The reduction of the blood circulating in the cutaneous capil¬ 
laries, supplemented by the deficient oxygenizing power of the 
blood, not only gives rise to partial anaesthesia of the surface, 
but also to a great reduction of the peripheral temperature. 
The awakening after such a dose is often attended with marked 
evidence of general disturbance; i.e., mental torpor, confusion, 
headache and sometimes nausea and vomiting. 

General vasodilation le a well-known feature of the action of 
ehloraL Demarquay" long ago observed that It canned in animals, not 
only vasodilation, but also engorgement of all vessels. Koberf was 
led experimentally to conclude that It caused paralysis of the vascular 
walls. As LabMe and other investigators noted that the rabbit’s ear 
grew pale after its use, the general vasodilation had evidently caused 
recession of the blood into the great central trunks, thus tending to 
deplete the brain and the peripheral capillaries. This accounts, with 
the lowered oxygenislng power of the blood, for the fact, mentioned by 
Cushny,* that “the motor areas are rendered less irritable by chloral, 
and eventually fall to react to the strongest electrical stimulation.” It 
also explains the mental torpor and the partial aiuesthesi Even 
relatively small doses will cause relaxation of the arteries as observed 
by LabMe. Bajewsky, moreover, observed that small, as well as large, 
doses reduced the blood-pressure. 

In some instances, a therapeutic dose causes flushing of the 
face, hyperesthesia, restlessness, excitement and even delirium 
with hallucinations. This effect is due to the relaxation of the 
arterioles.* A greater quantity of arterial blood being admitted 
into the cutaneous and cerebral capillaries than usual,* a 
period of morbid activity follows. 


Arloing found not only thst the small vessels were dilated but that 
the simply of blood in the peripheral tissues was increased. This condi¬ 
tion doubtless prevails in the deeper organs, including the cord, for 
Rajewsky* observed reflex irritability in frogs and that at this time 
the spinal ganglia were overexcitable. M or eov er , Levinstein 1 * observed 
a rise of temperature followed by marked fall. Borne investigators, 
having noted sphygmographlcally an increase In siae of the limb im¬ 
mersed, concluded that chloral inc r e a se d the arterial pressure. But a 
similar effect is produced when the peripheral capillaries are dila t e d 
passively by unusual dilation of their arterioles. Gerna, working in 
Wood’s laboratory, found it impossible to raise the blood-preesuro in 
cure ri sed dogs, with any doee of chloral. Even with the sphygmograph, 
PreisendSrfer* found that the supposed period of preliminary rise was 
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followed by a itetdr decline of blood-pramne, while Andrews and 
DaOoota^jucertalned that very large d oses “decidedly lessen arterial 

A toxic doge tends to paralyze the adrenal center and to 
arrest therefore the functions of the adrenals, and the formation 
of adrenoxidase .* It tends to kill, therefore, by paralyzing the 
respiratory function.* The patient sinks into a profound sleep 
from which it iB practically impossible to awaken him, the skin, 
owing to the morbid condition of the blood, being absolutely 
insensible. The pupils are widely dilated and the muscles an* 
completely relaxed. The heart having lost the sustaining aid 
of the adrenal secretion and being nourished with blood deprived 
of its main constituent,* becomes steadily weaker and more 
irregular, the pulse presenting the same character. The tem- 
per&ture steadily declines and the respirations become gradually 
slower and irregular until they cease, death occurring from 
asphyxia. The heart continues to beat a short time, stopping 
in diastole. Occasionally, however, respiration and cardiac ac¬ 
tion cease together. 

The diminution of adrenal accretion, t.e., adrenoxidase, being the 
cardinal factor of the morbid process, it becomes a question whether 
chloral actually reduces its production. B. Ward Richardson" found 
that this drug reduced the coagulability of the blood—a morbid phe- 
nomen due, we have seen, to diminution of fibrin ferment. As previously 
shown, this body is adrenoxidase.* Now Model" observed that chloral 
predisposed to hemorrhage—a phenomena due to reduced coagulability 
of the blood—while, on the other hand, Duneanson" and Twinge" found 
that adrenal extract (which becomes adrenoxidase in the blood) con¬ 
trolled the hemorrhages of haemophilia, a condition due to deficiency of 
flbrin : ferment. 

Again, we have seen, that removal of the adrenals or ligation of 
their efferent vessels causes a rapid reduction of the blood-pressure and 
of the temperature, ending in death, the characteristic phenomena of 
chloral poisoning. This is surely due to the fact that the blood Is 
deprived of the adrenal secretion, for Strehl and Weiss," after removing 
one adrenal, found that they could control the temperature and the blood- 
pressure at will by pinching and releasing the efferent vessels of the 
remaining adrenal. Now, when chloral has brought an animal to the 
verge of death, adrenal extract immediately counteracts the lethal condi¬ 
tion. Gottlieb" “chloralised rabbits Until the heart brats became irregu¬ 
lar and excessively slow. An injection of suprarenal extract at once 
restored the regularity and volume of the pulse. He tried the same 
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experiment when the palee wee no longer rqgis treble by themanometeri 
• limiter result wee obtained, end the heart almost immediately resumed 
its normal action." Here the adrenal secretion beca m e converted Into 
adrenogddaae and thus supplied the blood for a short time with its 
pabulum vitw —in lieu of the animal’s own adrenals, inhibited through 
paralysis of its center by the poison. 

Ohronie Poisoning. —The prolonged use of chloral hydrate 
provokes phenomena due to continued depression of the adrenal 
center, lowered metabolism, and the resulting general vasodi¬ 
lation.* 

Respiratory disorders are frequently observed. The most 
prominent symptom is dyspnoea due to the diminution of adren- 
oxidase in the blood.* This may be severe and even alarming 
when the general vasodilation becomes sufficient to slow the 
circulation, and when the right heart, owing to the inadequate' 
supply of adrenal secretion and adrenoxidase,* becomes feeble. 
The dilated capillaries allowing the blood fluids to traverse their 
walls with unusual facility, oedema may occur into the mucous 
membranes, skin, or deeper organs. Mental disorders are also 
witnessed in some cases in the form of intellectual torpor, loss of 
memory, or impulsive illusions and hallucinations due to fluctu¬ 
ations in the caliber of the vessels and the quantity of blood sup¬ 
plied to the brain. If the use of the drug be stopped suddenly, 
the vasomotor nerves soon resume the ascendency over the ves¬ 
sels, and the brain, receiving an influx of blood containing a 
greater supply of adrenoxidase, becomes overactive. Manifesta¬ 
tions resembling delirium tremens may appear under such con¬ 
ditions. Cutaneous disorders are frequently observed. These 
are mainly due to the accumulation of wastes in the blood, owing 
to its reduced catabolic activity, and to the reduced propulsive 
vigor of the blood-stream which the vasodilation involves. 
They may assume the form of erythema, ecehymoees, petechias, 
or of ephemeral red patches, either in the skin or mucous mem¬ 
branes. The lesions sometimes- cause considerable trouble, how¬ 
ever. ulceration, fever and pyeemic toxaemia. 

. H. W. Mitchell" reported so interesting ceee which, as be nay* 

“illustrates the reeemblance b etw ee n alcohol and chloral delirium." Thi 
mental disorder became ao marked that the patient had to be placed hi 
an asylum. Withdrawal of the drug, stimulation, for c ed feeding, hydro 
therapeutic measures, with a hypnotic the first three nights, were fol< 
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lowed by complete recovery. The author refers to Elliott,** who state* 
that “there was no appreciable difference In delirium tremens resulting 
from the use of alcohol or chloral*” 

The treatment of chloral poisoning ie described in a special 
section at the end of this volume. 

Therapeutics.—Chloral is mainly used in insomnia, espe¬ 
cially when associated with nervous irritability. Its great 
value in this connection is due to the fact that by lowering 
metabolic activity it depresses the functions of all cellular ele¬ 
ments including those of the nervous system, in which, we have 
seat, adrenoxidase likewise circulates.* The slight fall of blood- 
pressure which the lowered metabolism in the muscularis of the 
vessels causes when therapeutic doses are given, promotes iseli- 
awmia of the cerebro-spinal system and facilitates the soporific 
effects.* Its influence on pain (which is due to hyperemia of 
the sensory terminals*) is slight, however, because the dila¬ 
tion of the arterioles caused by the remedy allows an excess 
of blood to penetrate the capillaries, thus offsetting what anal¬ 
gesic effect the lowered metabolism in the cellular elements 
might otherwise procure.* The recognised value of chloral in 
chorea., paralysis agitans and urtemic convulsions as a palliative 
is also due to its depressing influence on the vital and vascular 
mechanism,* which in these conditions are both overactive.* 
This applies as well to puerperal eclampsia, epilepsy, hydro¬ 
phobia and infantile convulsions, in all of which chloral is fre¬ 
quently used; but it should be remembered that it is by no 
means a curative remedy* and that it tends, like all depressants, 
to promote the formation of the toxic wastes which act as spas¬ 
mogenic agents.* 

DRUGS WHICH RESEMBLE CHLORAL IN THEIR 
PHYSIOLOGICAL ACTION. 

Paraldehyde acts much as does chloral. Tt primarily 
lowers the functional activity of the adrenal center, and by thus 
indirectly reducing the proportion of adrenoxidase in the blood, 
correnpopd ingly inhibits metabolism in all tissues. As a result 
the muscular layer of the vessels is relaxed and general vaso¬ 
dilation, though not so marked as in the ease of chloral, follows. 
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The sleep produced bj therapeutic doses usually comes on within 
five minutes, {t is not attended by anaesthesia, but resembles 
that caused by chloral, being calm and restful, and usually lasts 
fire or six hours. It is likewise due to diminiaihed metabolic 
activity in the cerebral nervous elements, and its effects are 
more marked in normal than febrile subjects. Occasionally, 
especially in the latter, it provokes unpleasant dreams and night¬ 
mares, and flushing, owing to a slight dilation of the arterioles 
and the admission in the cerebral and peripheral, capillaries 
of a slight excess of arterial blood over that compatible with 
normal sleep. As a rule, the awakening is not followed by un¬ 
toward symptoms; at times, however, depression, mental tor¬ 
por, and lack of energy are complained of. 

A toxic dose produces general muscular relaxation and 
unconsciousness and, sometimes, cyanosis. The cardiac contrac¬ 
tions and the pulse become gradually weaker and intermittent. 
The respirations, at first rapid, soon become shallow and irregu¬ 
lar, and death occurs from asphyxia. The symptoms that appear 
in paraldehyde habitues are similar to those observed in the 
chronic form of chloral poisoning, and likewise include emacia¬ 
tion, great muscular and cardiac weakness, and mental disorders. 
These are sufficiently severe in some rases, that it becomes neces¬ 
sary to place the patient under restraint. 

8ulphonal .—Besides lowering the functional activity of the 
adrenal center,* sulphonal tends to decompose the hemoglobin, 
as shown by the many cases in which hsematoporphyrin, i.e„ 
iron-free hsematin, is found in the urine. Any drug capable of 
sudi an action cannot but undermine the health. Preference 
should be given, therefore, to chloral or paraldehyde. 

In therapeutic doses sulphonal produces apparently normal 
sleep of several hours’ duration, from which he may awaken in 
his usual condition. Not infrequently, however, he experiences 
mental torpor, some lassitude, and perhaps vertigo. If the use 
of the drug is prolonged, it may give rise to general weakness, 
principally of the lower extremities, and sometimes to faintness, 
nausea, vomiting and serous diarrhoea. When large doses are 
used, the foregoing symptoms may more or less suddenly be 
accompanied by more serious ones. Respiratory phenora ia, 
the salient features in acute oases, then appear: the face and 
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body become cold end livid, tlie lips and nails cyanosed, the 
respirations reduced in number and shallow, and the heart’s 
action feeble and intermittent. 

In acute poisoning met with in subjects addicted to the 
drag or others to whom it has been administered some time, 
premonitory symptoms, such as colic about the epigastrium, 
vomiting, diarrhoea, or obstinate constipation, a papular erup¬ 
tion and marked weakness, may appear; but such is seldom the 
case in neurasthenics. In these, which constitute the majority 
of cases, the acute symptoms usually appear suddenly and ter¬ 
minate fatally. 

Trional. —Trional, which is very similar to sulphonal 
chemically, resembles it also in its physiological effects. Its 
depressing action upon the adrenal center is moro marked,*' 
however, while its dissociating effect upon the haemoglobin is 
probably less active. It is,, therefore, somewhat more powerful 
as an hypnotic, and when acute symptoms of poisoning occur, 
the chances of recovery are greater, and are not as likely to 
appear after one or two doses. The majority of cases of poison¬ 
ing occur in persons who have taken the drug some time. 

The symptoms due to toxic doses are often initiated by 
colic, persistent nausea and vomiting, and diarrhoea, owing to 
a sudden relaxation of the vessels and outpouring of blood-fluids 
into the alimentary canal. This is usually followed by obsti¬ 
nate constipation due to paresis of the intestinal muscles—a 
paresis witnessed in various parts of the body, particularly the 
extremities. The heart’s action and the pulse now become very 
weak and rapid, and dilation murmurs are sometimes discernible 
over the mitral and aortic valve-signs—signs of impending 
heart-failure.' Respiratory disturbances occur concomitantly; 
the lips and nails may become cyanosed and the patient lapses 
into coma. Death occurs most frequently in cases in which 
haematoporphyrin is found in the urine. But large quantities 
of urobilin and bilirubin are still worse as prognostic signs, 
since they indicate that the disintegration of hemoglobin has 
readied its most advanced stage. 


•iaOWi 




1836 INTZRNAL BWCRWnONB IN FHAHMACODVNAJOC*. 


ALCOHOL. 

Thyiiologioal Action. —The effects of alcohol upon the ali¬ 
mentary canal vary with the proportion contained in the ingesta. 
When the latter contain less than five per cent, of absolute alco¬ 
hol, the secretory activity of the salivary gastric glands is in¬ 
creased reflexly and the digestive process is either stimulated 
and facilitated, or unimpaired. When 5 per cent, is exceeded, 
the digestion may be delayed. A beverage containing 10 per 
cent of absolute alcohol and above, interferes with the digestive 
process in proportion as the percentage is high, by inhibiting the 
diastatic and proteolytic activity of the gastric juice. 

All experimental data recited below refer to beverages con¬ 
taining more than 6 per cent, of absolute alcohol. 

The experiments of Buchner. 11 Chittenden and Mendel.* 1 Storch" 
and others, hare shown that when there is not more than five per cent, of 
absolute alcohol in the beverages ingested, the salivary digestion is 
enhanced, but that a higher proportion of alcohol tends to delay the 
process, especially when it exceeds 10 per cent. Chittenden, Mendel 
and Jackson" ascribe the increased flow of eallva to reflex action, pro¬ 
voked fay the irritation of the alcohol on the oral nerve endings. 

Gastric digestion is correspondingly influenced. The stimulating 
action of small quantites of alcohol is emphasised by the observation 
of Nothnagel and Bosabach" that a single drop injected into the stomach 
of a dog, through a gastric fistula, suffices to provoke a flow of gastric 
juice through the cannula. Chittenden, Mendel and Jaekeon, Radzikow- 
ski" and others also found that alcohol in moderate doses markedly 
increased the secretion of gastric juice, its proteolytic activity and the 
proportion of hydrochloric add. Richet" likewise observed that it in¬ 
creased the acidity of the gas trio juice. Similar effects are obtained, 
as shown by Froum, Moulinler, and Spiro," when alcohol is administered 

S T enema and when, as observed by GrOnet," it is injected Inio the blood. 

Hinton" found, moreover, that after the ingestion of small doses the 
Increased secretion of gastrio juice continued much longer than when 
none had been administered. 

The pernidous Influence of a large percentage of alcohol in the 
ingesta is no less evident. Claude Bernard has shown that strong doses 
of alcohol coagulate the gastric secretion and Its ferments. Gluxinski" 
found that they impaired the digestion of albumins, the digestion being 
retarded. Two ounces of brandy taken before or during a meal. Inhibit 
the digestion of starches. Taken after meals this quantity inhibits 
digestion. Lauren'" found that It reduces the activity of pepsin on 
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•Brofm ThlbrnW noted that when the alcoholic strength 
1M par wot the proteolytic eotiWtr of tbo gsstrle Juice woo at ones 
redttw d. Chittenden and Mendel,* who aJao obtained stimulating effects 
from weak solutions, found that when the ingested mixture w ^te ln* 
from 5 to 10 per cent, of absolute aloohol, retardation of the digestive 
f. 1 ?* 11 baeomea noticeable, and that a 18 to 18 per cent, beverage retards 
It from 86 to 85 per cent. 

Aloohol having a marked affinity for oxygen, the harmless¬ 
ness or beneficial effects of weak solutions, such as beer, is due 
to the fact that a small quantity of alcohol is promptly oxidised 
by the adrenoxidsse of the oral, gastric and intestinal secre¬ 
tions.* Hie glandular elements, to compensate for the defi¬ 
ciency of adrenoxidase thus created, reflexly increase their func¬ 
tional activity.* The adrenals are alao directly stimulated by 
small doses and, for a time, by large doses. When, however, the 
latter are continued, the adrenals become the seat, along with 
other endocrines, of degenerative lesions. 

Bernard dad Bigart™ found that alight alcoholic intoxication in¬ 
creased the activity of the adrenals. Aubertin 1 * observed experimentally 
that this waa also caused by alcoholism with marked hyperplasia of the 
organs. Sehmiergeld” confirmed this observation in man. Bernard and 
Bigart and Aubertin also observed in prolonged alcoholism fibrosis and 
evidences of hypoadrenia. II inch” found marked degenerative lesions 
In the adrenal cortices from cases of delirium tremens. Similar lesions 
have been observed in the thyroid fay do Quervain,™ Sarbach," Hertoghe, 
and others. 

When sufficient alcohol is taken to exceed the oxidising 
powers of the secretions of the alimentary canal, the excess is 
absorbed into the general circulation and is oxidized therein by 
the adrenoxidase of the plasma and red corpuscles,* only about 
two per cent, being excreted in its natural state. 

Liebig many years ago advanced the view that the greater part of 
the aloohol absorbed from the alimentary canal becomes oxidised in the 
body, and that but a very small quantity is eliminated by the lungs 
and kidneys. Anstie," Tnudioum and DuprtP* in various experiments 
upon a large number of subjects found that the quantify of aloohol 
eliminated with the urine wee trifling, U, from 0.28 to 0J32 per cent 
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BohuIinuV Buchheim" and Lleben" not only confirmed this faet, but 
found that white the elimination with the excretions was inappreciable 
during the two or three hours following its Ingestion, SB per cent of the 
drug had disappeared from the blood and tissues. Greater precision 
was recently given to this question by the comprehensive r e sear che s of 
Atwater and Benedict,** which showed that in the adult man only 1.0 
per cent, of the alcohol contained In six ounces of whiskey is eliminated. 
Abetous, Bard ter and BlbautP found that even when three m. per kilo 
of (warm-blooded) animal waa gives*, 87 to 00 per cent, of the total 
Ingested was destroyed within eight hours. Cushny" emphasises the 
fact that the 6 to 10 per cent, generally thought to be eliminated "Is 
too high a valuation for the alcohol excreted and that only 2 to S per 
cent, of that ingested escapee oxidation.** 

The loss of oxygen which alcohol imposes upon the tissues 
by undergoing oxidation in the blood-stream, interferes with 
general nutrition and, therefore, lowers the activity of the vital 
process when used in any but small quantities. 

The utilisation of the blood’s oxygen for the oxidation of alcohol 
entails a corresponding loss for the tissues, the result being a reduction 
of the activity of all vital processes. That such is actually the ease 
is illustrated by the fact that although Bin*," Jaqueti* and Wllmanna 
found that respiratory activity is augmented, the quantity of carbonic 
dioxide eliminated la on the whole reduced, as observed by N. 8. Davis, 
Hammond," Boeck and Bauer," Rumpf* and many other investigators. 
The labor of breathing is thus augmented, but intracellular metabolism 
Is impaired, owing to the paucity of oxygen. Indeed, Bouchardat and 
Sandras" o bserved in a rooster intoxicated with alcohol that the comb 
became cyanotic. This is apparently contradicted by the observations 
of Demarquay, Dumdrll, Perrin and others that small doses either do 
not modify the temperature, or, as noted by Wood," raise it slightly, 
i.e., about 1° F. (0.4° C.). All these and many other Investigators have 
found, larger doses, i.e-, doses capable in this connection of seriously 
deoxidizing the blood, lower the temp era ture in proportion as the quan¬ 
tity is large. 

The more recent o b s erv ations tend, however, to disprove much of 
the older work, bollmann for instance concludes as a result of his 
studies including a comprehensive review of the literature of alcohol 
“that there is an increase In the rate of the respiration and of the heart, 
the blood-pressure rises.” He states, moreover, "that ‘stimulant* doses 
of alcohol increase the depth of the respirations quite markedly and 
that the amount of respired air may be doubled.” This coincides with 
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the bwnutd functional activity, caused by moderate doaea of alcohol, 
of the adrenal and thyroid previously mentioned. 

Alcohol ia not a food; it does not replace proteids, fata or 
carbohydrates. The heat energy it liberates when oxidized 
first accelerates metabolism then slows it if the dose ingested is 
large. The tissues being deprived of the oxygen thus consumed 
by alcohol, catabolism is correspondingly delayed; and this in 
turn, proportionally retards the assimilation of materials by the 
tissues - The only effect of alcohol absorbed from the alimentary 
canal, therefore, especially in view of the fact that it supplies 
the organism with no tissue-building material, is to interfere 
with the nutritional process. In other words, it only spares the 
proteids, fats and earliolivdrates as do asphyxiating agents, i.e., 
by hindering tissue respiration.* 

Alcohol is believed by some investigators to replace proteids, and 
by the majority of them to replace fats and carbohydrates. H. F. 
Hewes” aptly remarks in this connection: “The property of sparing 
tissue is possessed by several narcotic substances, ns morphia. It would 
be as reasonable to‘class ttiis substance among the foods ns aleoliol, if 
thia property were taken as the distinctive quality of a food." Indeed, 
the greatest authority on thermochemistry, the late Prof. Herthelot," 
held that alcohol ia not a food. 

Atwater and Benedict, in the exhaustive study referred to, con¬ 
clude that the potential energy of alcohol is converted in the organism 
into working energy as tlioroughly as is that of ordinary food. This 
cannot be accepted in the sense that alcohol can replace food, since the 
energy liberated ia merely heat energy. As emphasised by F. 8. Bene¬ 
dict, 1 ** alcohol does not build muscular or adipose tissue, thus failing 
in the wsential rale of true foods; it only furnishes a supply of heat 
while being oxidised. Indeed, were the working energy thus liberated, 
alcohol would exceed considerably in value that of ordinary ailments, 
since, as calculated by Dupr^, 1 * 1 alcohol liberates during Its oxidation 
nearly five times the heat units that an equal quantity of Iren beef 
would produce. Kassowit* 1 " has likewise laid stress on the fact 
that alcohol only acts as a stimulus, snd that tlie substitution of a 
given proportion of non-nitrogenous food by a quantity of alcohol of 
equal caloric value, is associated with diminished working capacity and 
a dissipation of vital resources. 

All this ia further emphasised by the fact that concurrently with 
increased heat production, alcohol causes decreased nitrogen excretion. 
Thus, Bevan Lewis 11 * ascertained calorimetricallv that, while, as a rule, 
the heat production was at first lessened in rabbits by small doses, this 
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replaced by a considerable increase. la h^ai production, _ sepedally 
after large doses. ' This ni confirmed by E. T. Reichert ana H. ft 
Wood*** u dogs. Hie greater reletlye heat-value of large doeee ta 
obvious in theee experiments, and yet, Norris and Smith*" .found that 
1.0 oa to the kilo of animal inoreaaed the excretion of nitrogen two 
per cent., but that M «a per kilo deereoeed it two per cent This 
reached nearly par cent, when S.7 u. per ldlo were used. 

•That the waste of heat energy simply Inhibits tissue metabolism 
is shown by the diminution of catabolic products. Hammond 1 " found 
that alcohol decreased the excretion of urea, chlorine and phosphoric 
said- Bless 1 " observed that it lessened the excretion of chlorides, phos¬ 
phates and sulphates, and to a marked degree that of urea. Bosen- 
M4 m and other investigators, after producing nitrogenous equilibrium 
in ««ii, found the nitrogen elimination distinctly decreased, t.e., lower 
than the intake.' Alcohol was undoubtedly the active factor in this 
morbid process, for while A. Ott*" observed an extremely low excretion 
of nitrogen the first day alcohol was used, H. Keller, 1 " on the other 
hand, found that as soon as the nee of alcohol ceased, the excretion of 
nitrogen rose rapidly until it was one gm. above normal—this excess 
persisting three days. Indeed, Miura"* was led to conclude, by a series 
of comprehensive experiments also showing a marked decrease of nitro¬ 
gen, that the effects of alcohol in this particular were similar to those 
of a reduced diet. 

This is equally true of carbohydrates. Mlura found that when 
sugar was replaced by isodynamic quantities of alcohol, a low nitrogen 
excretion occurred in subjects placed In a condition of nitrogenous 
equilibrium, but that on restoring the sugar the nitrogenous equilibrium 
eras resumed. It is evident, therefore, that alcohol is not a substitute 
for carbohydrates. This accounts for the fact recorded by explorers In 
the Arctic regions, that the use of alcohol greatly reduced their resist¬ 
ance to cold. Again, Chittenden 1 ** found that alcohol reduced oxidation 
in the liver. This he characterises a pernicious Influence of which car¬ 
bohydrates and fate are free. While the latter bodice are simply 
oxidised into carbonic acid and water and converted into glycogen ana 
fat, alcohol is not. He concludes, therefore, that this establishes a dis¬ 
tinct line of demarcation b etwee n alcohol on the one hand and carbo¬ 
hydrates and fats cm the other. And this applies to the rest of the 
organism as well. Briefly, in the words of Woodbury and Egbert,*** the 
physiological action of alcohol on the human body is destructive, but 
never constructive. 

Uhtoward Effects.—The first stage of alcohol poisoning, 
that known as drunkenness, may be provoked by varying dome, 
small quantities sufficing, in persons unaccustomed to its use, 
to produce phenomena which only occur after the ingestion of 
large quantities in habitual drinkers. 

When a so-called “s t imula t i n g” dose of alcohol is ingested, 

end H. Oi Wood: Cited by Wood: £w oft., p. M, 

Smith: Jour, of PhysWL, voL sit, p. 
too. eft 

t Ufa. Mod.,, Bd._ U, S. JU UM. 

1. HI. 

•xMf. 


T. 

gHtsli 

"■Norris sad 


t Ott! Ant t exp. Path. s. Aarm.. M.-xMf. a. ML 

5 


thir. 



ALCOHOL. 


1881 


It liberates heat-energy while being oxidised by the adraaoxi- 
dase in the blood, and. the quantify of energy thus liberated is 
in excess of that produced normally by the interaction of the 
adrenoxidase and nucleo-proteid.* An artificial exacerbation 
of metabolism being thus provoked in all tissues, the contractile 
power of the cardiac and vascular muscles is correspondingly 
increased.* As a result, the heart-bests and pulse become 
stronger and more frequent, and the blood-pressure is raised, 
the blood being projected forcibly into all capillaries. The 
latter being passively dilated and congested, the well-known 
flushed face and eye, the warm Bkin, the strong and rapid pulse, 
the cerebral excitement which prompts to garrulousness, bois¬ 
terousness, outbursts of anger, etc., and the temporary aug¬ 
mentation of physical strength, are produced. 

When a depressing dose is taken, thiB stage is Boon antagon¬ 
ized in two ways: (1) The alcohol and adrenoxidase being 
free in the blood, while nucleo-proteid is secreted in the latter 
by leucocytes only as needed,* the reducing action of the alcohol 
deprives the adrenoxidase of oxygen which it should supply to 
the tissues.* Metabolism being impaired in proportion, and the 
nerve centers, general and subsidiary (including the vasomotor 
centers), and the muscularis of all vessels receiving partially 
reduced blood,* general vasodilation (including relaxation of 
the cutaneous arterioles) follows, and the capillaries of all 
organs, including the skin and brain, are the scat of a passive 
hypenemia. The pulse is still full at this stage, but cosily com¬ 
pressed. 

The exacerbation of muscular power coincides, an in well known, 
with the period of cerebral excitement and with the characteristic con¬ 
gestion of the face, eyes. etc. Cushny'“ writes: “The flushing of the 
skin, which occurs in alcoholic intoxication, would seem to point to some 
vascular action, but it is imponnible to nay at present what the nature 
of this action is. It indicates dilation of the skin vessels, but whether 
this is of central or peripheral origin, whether due to stimulation or 
dilator centers or paresis of vasoconstrictors, it is impossible to say." 
Aa Claude Bernard pointed out that marked hypenemia of the brain 
was also present, the cause of this phenomenon may be said to be aa 
obscure as that of the facial hypenemia; and this applies ns well to 
the muscular erethism. 

Castillo,'** Bin*, 1- Eagleton, 11 ’ Kochmann 1 ** and others have vit- 
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tilt preliminary rite of the blood-pro—ore ref- r a d to. _M," 
■Id, • and other* did net observe its while the third 

phase, vasodilation, vm noted by Zi—nrhit* Gutaflonr,”* Pl» 
hr, m Behnle"“ end Roaenfeld. The feet that all three phno— nap 
oeeqr t as ehown above, aeeoonts for the eon—ry repute recorded 
by various investigators. 

That tin vaeoeonetrietion le due to augmentation of the h—tabolle 
pro— e— In the vascular walla by the direet action of the ateohoUsed 
NOod is aleo indieated by the feet that then InvepJgeton. Wood 
M&yU m —ted that alcohol “elevates the bloody 
paiafyelb fron t eeetioo of the cervical cohL” 1 
to show, moreo ve r, that the eerebral excitement inid inmfaeed activity, 
were duo “to the enormously increased flow of blood running riot throun 
the cerebrum.” Hemmeter 1 ” likewiae ob ee rvo d a marked increase in the 
rapidity of the blood-flow, and a still greater one when more .alcohol 
was administered; in aome of Wood and Hoyfe ex peri men te the speed 
of the current increased SB -per cent. The mid face and the still reader 
nose and eyes of the common drunkard attest to the fleet that after the 
prolonged nee of alcohol the arterioles may remain dilated. Flnkaln- 
Dura*" found, by introducing a trocar b etween the vertebra, that the 
oermro-spiiial pressure was considerably increased. 

As to the influence of the general vasoconstriction upon the 
lariae* Koehmann"* found experimentally that “in moderate 
aloohol In cre ases the vascular ten—ns when the rise te at He 
th® peripheral veeaele are dilated.” Be noted, moreover, that the latter 
Offset was produced “even when the doe— am too weak to 
increase of vaecular tension.” 


pil- 


The Influence of large d oe— is shown by the experimental observa¬ 
tion of Wood and Hoyt"* that “sometimes no effect was produced until 
the alcohol had been given in sufficient amounts to reduce the pressure.” 
Vasodilation may also occur under the influence of small doe—. Thu, 



■ary to determine the blood-preeaure by means of a Riva-Roocf instru¬ 
ment, or Gaertner*s tonometer, to discover that the blood-pressure Is 
lowered instead of rais e d . This lowering may amount to twenty or 
thirty millimeters, or even more.” 

While the varying effects produced fay aloohol indicate that it has 
no direct nation on the vasomotor center (which would always be 
influenced In the same way) they suggest, on the other hand, that it is 
flue, to an intravaeenlar chemical prooesa. Cabot** found that alcohol 
did not Influence the temperature In febrile cases, as shown by 1105 
ate taken by him before, during and after Ita administra- 
obeervatioa confirmed in animals by Wood and Hoyt. This 
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*■ by the affinity of alcohol for oxygen. Fever being 

•eeawMled by a jaarind increase In tin blood’s oxygen ratio, the 
■J°ohol can be oxidined at the expense of the surplus at this gee and 
be itjnlf consumed in the febrile p ro cess without appreciably modifying 
existing conditions. In the healthy individual, however, the conditions 
are reversed j there it no excess of oxygen in the blood, and the latter’s 
oxygen bring in part consumed by toe alcohol, functional disturbances 
occur, in., inadequate tissue metabolism, as shown by the reduced excre¬ 
tion of OOl and nitrogen, lowered heat-production and temperature and 
other morbid phenomena reviewed. As it is oily in healthy individuals, 
therefore, that the variations of blood-pressure have been observed, and 
since these cannot be ascribed to a direct action of the alcohol upon the 
vasomotor center, they must be ascribed to a chemical process in the 
blood itself. La., In the vessels. 

Tills is further shown by the fact that alcohol so modifies the 
blood’s physical properties that its access to the tissues Is hampered. 
Thus, Bouchard 1 " states that aleohol, owing to its feeble osmotic power. 
Inhibits nutrition by delaying the penetration of plasma into the cellular 
elements. Burton-Opit* , “ found that it reduced the alkalinity of the 
blood, and rendered the latter abnormally viscid. Even the adrenoxi- 
daae, a globulin, most loee some of the fluidity so essential to its cir¬ 
culation in the cellular elements, since, as stated by Halliburton, 1 " “it 
can be shown that the globulins require a lower percentage of alcohol 
to precipitate them than the albumins.” 


Cellular metabolism being now inhibited to a marked de¬ 
gree,* the sthenic symptoms are replaced by general asthenia and 
maudlin hebetude: the skeletal muscles become relaxed and 
unable to respond adequately to nervous impulses. The gait 
becomes staggering, the movements irregular and uncertain, 
the speech thick and difficult, and the eyes half closed owing to 
relaxation of the palpebral muscles. 

Alcohol being converted by oxidation into water and car¬ 
bonic acid and the excretion of the latter being interfered with 
through the increased viscosity of the plasma, an asphyxia-like 
condition, sometimes attended with beginning cyanosis, is initi¬ 
ated. This finally causes the patient to fall into a deep tor¬ 
pid slumber accompanied by stertorous breathing, due to relax¬ 
ation of the palatal muscles. 

The blood is depleted to euch n degree of its oxygen In the larger 
vessels that it Is practically venous on reaching the minute intercellular 
capillaries. The experiments of Warren P. Lombard, 1 " Hasten, 1 " 
Horsley, 1 " Hastate, 1 " Scheffer* - and others have shown that alcohol 
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caused, at first, an exacerbation of strength, which waa coon replaced 
by narked weakness if the doee waa enSMent, and that large doeea 
Invariably reduced the muacular power. That the adynamia la not doe 
to the direct action of the alcohol on the muccle fiber la shown by the 
statement of Cnahny’s"* that M aloohol has no effect on muscle or on 
peripheral nerves when it is carried to them by the blood." The period 
of increased muscular power Is due, we have seen, to passive hyperemia 
of the muacular elements, a fact which indicates that it la fictitious. 
Indeed , as shown by Destrde and others, fatigue soon sets in and 
becomes marked. This accounts for the fact that troops deprived of 
alcohol stand long marches with much less fatigue than those supplied 
with It. This was emphasised anew recently by Beyer"* and Fritig. 
The latter observer states that since Dutch officers and men were given, 
in 1808, the option'of drawing the money value of their alcoholic ration, 
the many who c ea s e d to use alcohol have shown a noticeable increase 
in their resistance to fatigue and disease. Conversely, those who con* 
Burned alcohol, while competent for duty during peace, quickly suc¬ 
cumbed to these conditions during active service. Alcohol thus deblli- 
tatos the muscular system even when not token in toxic doses. Abel"* 
states that “we have no experimental grounds for believing that small 
or even moderate quantities of alcohol exercise any beneficial direct 
action on the muscles of man and warm-blooded animals.” 

The third stage includes the symptoms witnessed in indi¬ 
viduals said to be "dead drunk.” Here an entirely different 
order of phenomena is observed. The patient is unconscious, 
pale or perhaps cyanotic, and his surface is insensible and cold. 
All the senses are in abeyance. The pulse is thin and compres¬ 
sible and the temperature sometimes extremely low. This con¬ 
dition may continue several hours—cases in which it lasts over 
twelve hours being usually fatal—and gradual recovery occur, 
or the respiration may become distant, feeble and shallow, and 
death ensue from arrest of this function. 

This is due not only to the physical alterations and viscid¬ 
ity of the blood, but also to its accumulation in the large cen¬ 
tral trunks, especially those of the splanchnic area. The peri¬ 
pheral organs, including the brain, being partially depleted, 
their functions are almost in abeyance. When this reaches a 
certain limit the two lobes of the pituitary are themselves ren¬ 
dered sufficiently ischaemic to paralyse their functions, and 
death ensues. 


A. "ma il quantity of alcohol added to sea-water containing very 
young fertiliasd sea-urchin eggs delays markedly cell-division and gae- 
toulatlon, an d so Impedes the motility of the mesenelmna cells that the 
develop ment of the skeleton is markedly impaired. This Is due to the 
cupnvatioit of what oxygen the alcohol eonramee, metabolism In the 
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eaUabr elements being correspondingly slowed. The notion of alcohol 
an the human tiooueooll differs in no way from that on the Mgs of 
thoaearVBdun. Possessed of a marked affinity for water, it is rapidly 
distributed throughout the blood-stream and at onoe enters upon its 
deader work* the degree of harm done being commensurate with the 
quantity thus disseminated. 

An ot h er feature of the morbid process forcibly asserts Itself at 
this stags of poisoning. As Is well known and as recently emphasised 
by Hodge,* 41 traces of alcohol suffice to inhibit the growth of yeast. 
Ihstrei on the otter hand, found that while soluble ferments could 
exercise their specific action in relatively strong solutions of alcohol— 
15 to 20 per cent. in the case of trypsin—the blood’s soluble ferments, 
including fibrin ferment, are but slightly soluble even In very weak 
solutions of alcohol, i.e., 4 per cent. The fibrin ferment being, as I have 
shown, the aduiiwUu^ it follows that the large quantity of alcohol 
ingested in the production of the third stage not only dispossesses this 
substance of the oxygen it should carry to the tissues, but that it 
actually paralyses it. 

It is when bereft of its vitalizing properties, therefore, that the 
blood readies the nerve-centprs. Indeed, that alcohol is a parslysant 
of the nervous system has been strongly urged by Bunge,'“■ Schmiede- 
betg, Mr Ach and Kra»pelln, M Crothers 1 ** and many other Investin': 
while Dogiel found that large doses depressed markedly not eilv the 
motor, but also the sensory nerve-centers. This necessarily applies to 
the most sensitive of them all, those of the pituitary body. The very 
source of the body’s pabulum vita is thus rendered sterile, since the 
adrenals must soon cease to functionate aa well as their center. 


The treatment of alcohol poisoning in described in a special 
section at the end of thia volume. 

Therapeutics.—The present conception of the therapeutic 
value of ethyl alcohol in disease is based on a misinterpreta¬ 
tion of the rAle of the kinetic energy yielded while this agent 
is being burnt in the body.* The claim that it is an albnmin- 
aaving food, the value of which corresponds with its dynamic 
equivalent of pure food hydrocarbon, falls, when the process 
through which it saves albumin is taken into consideration. 
To rob the blood of its oxygen is an albumin-saving process, 
but at the expense of cellular life;* to increase the viscidity 
and decrease the alkalinity of the blood is an albumin-saving 
process, bnt by inhibiting life.* On the other hand the kinetic 
energy it liberates in the form of heat contributes nothing to 
the vital process.* Alcohol, therefore, is valueless as a food. 

Evidence to this effect has already been submitted. This view Is 
further emphasised from another standpoint by Winfield 8. Hall** fta 
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the following words: "Ethyl alcohol possesses several characteristics 
in common with the carbonaceous foods, e.g. (1) it is camp&aed of 
C, H and O; (2) it Is readily oxidised in the liver, yielding COb and 
H/), which are excreted; (3) it yields heat incident to its oxidation, 
and this heat naturally augments the body income of heat; (4) inges¬ 
tion of ethyl alcohol leads to a decrease m the catabolism of carbona¬ 
ceous foods, and may even ‘spare’ proteins. 

“In this connection, one must not lose sight of the following facts: 
(1) All vegetable toxins and alkaloids are composed of the same kind 
of chemical elements as enter into foodstuffs, via, C, H, O and N. (2) 
Toxins and alkaloidal poisons in general are oxidised in the liver through 
the agency of oxidases, whose function is to oxidise, and thus to md« 
harmless, substances which would act as protoplasmic poisons on all 
coils with which they come in contact. When moderate amounts of 
such toxins are taken the defences of the system are Buflleient to reduce 
them to a harmless condition and no immediate injury results. If 
larger quantities are ingested the full drug effect (narcotic in the cose' 
°f alcohol) is inunediatoly experienced, the oxidases of the system being 
unaUe to defend it against a large dose. (3) All oxidation yields heat, 
whether it is a normal catabolism or a protective oxidation. That the 
heat from the oxidation of alcohol Is not a normal catabolism for the 
purpose of heat liberation is evident from the fact that, notwithstand¬ 
ing the liberation of heat through oxidation of alcohol, the temperature 
of the body falls, because of increased loss of heat from the surface. 
This increased loss is due to dilatation of peripheral vessels. (4) 
Decreased catabolism of carbonaceous or nitrogenous foods following 
ingestion of a narcotic is a universal fact depending on the drug effect 
and giving to the oxidized narcotic no significance os a food. It may 
be said without reservation that ethyl alcohol is not a food in the scien¬ 
tific significance of the word.” 

In small doses, alcohol, by supplementing the heat energy 
normally produced (through the interaction of adrenoxidase 
and nucleo-protcid*) with the artificial energy liberated while 
it is being oxidized, augments momentarily the activity of meta¬ 
bolism* and the antitoxic activity of the blood. Its action, 
in this connection, becomes serviceable when, after exposure to 
cold and damp, the accumulation of toxic wastes under the 
skin (through the depressing effect of cold upon cutaneous 
metabolism*) and other conditions which render the body vul¬ 
nerable to disease, a prophylactic is demanded; or to counter¬ 
act promptly (especially if given in warm water) the toxic 
effects of depressing poisons, such as ptomaine, vemons, chloral 
veratrum viride , mushroom poisoning, etc. 

As to the use of alcohol in febrile diseases, however, its 
physiological action is such as to interfere with the blood’s 
defensive processes* The belief of its advocates that it does 
good by lowering the temperature, the blood-pressure jlm 
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pulse-rate, is based on the view that fever is a pathological 
phenomenon. In truth, fever is the expression of the body’s 
power to defend itself; and if enough alcohol is given to lower 
the temperature, it can serve only to disarm Nature's own 
weapons,* 

G. Rubin 111 found experimentally that alcohol decreased decidedly 
the reeiatance of animals to infection. No organic lesions were present, 
and it appeared to weaken directly the substance or sulmtanceii that 
Inhibited the growth and toxic action of bacteria, and which seemed 
to be derived from the leucocytes. These cells themselves appeared to 
be morbidly influenced. The two phases of the action of alcohol on 
the immunising process—the priniury ephemeral spurt of antitoxic 
activity, and the secondary and marked depressing influence—are well 
exemplified in the following quotation from II. C. Wood's treatise: 01 
“Bini™ found that alcohol increases the resistive power of the dog to 
septic material, but his experiments seem to have been too few to be of 
value. In an incomplete research, II. A. llare and M. E. Pennington 114 
found that alcohol incr e as es the bactericidal property of the blood at 
least against some pathogenic organisms. Gruber'" affirms, as the 
result of experimentation, that the frequent administration nf small 
doses of alcohol to guinea pigs, injected with bacillus prodigiosus, pro¬ 
longed life, and in some instances even brought about restoration. 
Opposed to these results are those of various investigators. Doyen 1 ** 
and Thomas*" both found that alcohol increases the liability of animals 
to infection with cholera. Abbott,*** using streptococcus pyogenes, 
bacillus eoli, or staphylococcus pyogenes aureus, found that the aleohol- 
iaed animals died with much more certainty than did those of the con¬ 
trol experiments, in which no alcohol was given. DelOardo'" reached 
the result that alcohol destroys the immunization of rabbits aguinst 
tetanus and anthrax. Laitinen,'" in a very elaborate research upon 
three hundred and forty-two animals, representing six species of mam¬ 
mals and birds, using anthrax, tubercle bacilli, und diphtheria toxin, 
arrived at the conclusion that alcohor diminishes very distinctly (lie 
resistance of the body towards infections. Pawlowsky’* 1 found that 
alcoholized animals reacted much more freely to staphylococcus citrens 
than did the normal animal. Kiigler and Gruber*" determined that 
alcoholization increases the mortality of animals infected with the pneu- 
mobacfllua. Goldberg*" came to a similar conclusion in regard to the 
influence of anthrax on pigeons. Auscms'** found that the administra¬ 
tion of alcohol in small doses to rabbits before infection diminished 
their resistance.” Although, the results of both sets of observers har¬ 
monize with my views, the fact remains that those who found that 
alcohol inhibited the protective functions are decidedly in the majority. 
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BROMIDES. 

(Bromide* of Potassium, Sodium, lithium, etc.) 

Physiological Action. —The primary effect of potaBsium 
bromide is to depress the functional activity of the general 
vasomotor center and thus to cause relaxation of all vessels pro¬ 
vided with a muscular coat.* The large central vascular trunks 
accommodating more blood, the capillaries of all organs, particu¬ 
larly those of brain and skin, are more or less depleted and 
their functional activity is correspondingly lowered.* Hence 
its quieting influence on cerebral excitement and its anssthetix* 
ing effect upon the cutaneous sensory and end-organs, the main 
feature of its action as depresso-motor agent.* 

The ephemeral tetanoid condition observed in frogs by Iaborde," 
Purser“• and others, when even small doses are injected is but a proof 
of the relaxation of the arteries. The peripheral arterioles being also 
relaxed, an influx of blood in the capillaries of the skin takes place and 
the sensory end-organs being suddenly stimulated, they incite reflex 
spasm. But this stage is temporary. As is well known, the spasms 
caused hy strychnine in frogs can be prevented by aruesthetixing the 
skin. The depletion caused by the bromides produces a simile* anesthe¬ 
sia. During poisoning, this may become so marked that, as observed 
by Purser in frogs and Eulenberg and Guttmann 1 " in rabbits, the ani¬ 
mal, though able to jump, may be pricked, pinched or burned, and yet 
show no evidence of pain. The supply of blood to the peripheral capil¬ 
laries is soon reduced and the true effects of the drug appear. “After 
a short time,” writes Wood,'" "this stags of muscular excitement gives 
way to one of great muscular relaxation and total abolition of reflex 
actions”—the capillaries of the contractile elements being themselves 
deprived more or less of blood. 

The action on the brain is similar. The congestive stags due to 
relaxation of the terminal arteries is occasionally witnessed, the drug 
then causing headache, irritability and redness of tongue (Manquat), 
or what has been termed “bromomania,” cases of which have been 



tkra can take place. As shown by Albertoni 11 * it so obtunds the sensi¬ 
tiveness of the cortex that its electrical excitation can no longer pro¬ 
voke epileptiform convulsions, while Sokolowsky* 1 observed that “large 
doses of bromide cause oiutmia of the brain.” That this is due to reces- 
eion of the blood, due. In turn, to general vasodilation, is shown by the 
fact that Bdhouten 1 * 1 found manometrkally that even small doses of 
potassium bromide lowered the blood-pressure. De Plenty has also 
observed this phenomenon. A similar effect is caused, as is well known. 
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by dWding the upper part of the spinal cord, f.e., the general vasomotor 
path, and by removal of the pituitary body, the seat of the general 
vasomotor center. 

The diminution of blood in the capillaries of the various 
organs* impairs their functional activity. The temperature 
is lowered and the sensibility of the mucous membranes and the 
aldn is more or less reduced. Mental torpor, defective memory, 
difficult enunciation, somnolence, depression of spirits (lapsing 
at times into melancholia) are also observed in some cases when 
the doses are frequently repeated. Digestion is impaired in 
some subjects, owing to deficient secretion of saliva and gas¬ 
tric juice. Sexual weakness is often produced, erethism of tlic 
sexual organs necessitating a marked degree of vascular engorge¬ 
ment. A similar deficiency of blood in the arterioles of the 
iris* may also cause dilation of the pupils. The circulatory 
torpor* in the skeletal muscles may entail muscular relaxation and 
weakness; but of all the muscular organs, the heart suffers 
most from the deficient^ of blood,* and its contractile power is 
greatly diminished. This constitutes an additional factor in 
the morbid process, since it tends further to reduce both the 
vascular pressure and the speed of the blood-current in the 
capillary system. 

As shown below, the temperature of the surface is reduced by bro¬ 
mides—a phenomenon partly due to the recession of blood to the deeper 
vessels. Quite familiar to all laryngologists is the diminution of sensi¬ 
bility of the mucous membrane of the pharynx and larynx, which la 
quite perceptible after a single dose of 30 grains <2 gms.). The cere¬ 
bral phenomena are also of common observation. Uubler"* found that 
2 to 4 gas. (30 to 60 grains) daily sufficed in some cases to induce 
melancholia, even In maniacal subjects. Weir Mitchell"* and others 
have reported similar instances. Diminution of the salivary secretion 
was observed by Gubler, Rabuteau"* and other clinicians. As to the 
influence of vascular depletion on the pupil, Landofs’" states, referring 
to tiie blood-vessel* of the iris, that “everything that diminishes the 
amount of blood dilates the pupil." As to the rAle of the heart In the 
morbid process Wood 11 * concludes that "the fall of the arterial pressure 
ia certainly largely of cardbus origin," though he considers It probable 
that “the vasomotor system also shares the paralysing influence of the 
drug." 

Bromlnn.—When large doses are administered during a 
prolonged period, the oxygenizing power of the blood becomes 
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inadequate.* This ia due to the fact that, aa ia the oaae with 
all organs that are remote from the splanchnic area (in which 
the blood accumulates when the vessels are dilated), the pitu¬ 
itary body also becomes ischemic, and the adrenals are inade¬ 
quately stimulated.* Their secretion being materially reduced, 
the proportion of adrenoxidase formed is insufficient to satisfy 
the needs of the organism at large, *.«., to sustain nutrition.* 

The condition known as “bromism" appears when this 
condition is added to the primary vasomotor paresis caused by 
the drug.* It 1 b mainly due to the fact that, owing to the 
impaired catabolism and to the resulting torpor of the elim- 
inatory functions of the skin, kidneys, intestinal and respira¬ 
tory tracts, the drug and imperfectly cataboliaed wastes accu¬ 
mulate in the system at large. Hence the marked cutaneous 
disorders observed in this condition, the latter varying from 
an erythematous and rubeoliform blush to acne, pustules, fur¬ 
uncular swellings, more or less extensive ulcerations and even 
gangrene—all aggravated by the cutaneous denutrition. £ 
typical sign of adrenal insufficiency* is frequently observed in 
these cases, viz., copper-colored blotches. 

The other symptoms of bromism are but exaggerations of 
those produced by smaller quantities' of the drug.* Mental 
torpor lapses into stupidity, the facial expression recalling that 
of an idiot. The senses are also greatly weakened. The eyes 
lose their lustre, and are surrounded by dark rings, and the 
pupils are more or less widely dilated. Hallucinations, visions, 
utter listlessnees or melancholia with outbursts of mania, may 
precede the ultimate issue, cerebral paralysis. The muscular 
weakness gradually becomes complete adynamia. The tempera¬ 
ture is greatly reduced, the heart's action is hardly perceptible 
. and the respiration becomes correspondingly feeble and shallow. 
The patient gradually rinks into a condition of general impot¬ 
ence, hardly able even to ingest his food, liable at any moment 
to be carried off by some in te rc u rrent disease, especially pneu¬ 
monia, or to lapse suddenly into coma, the precursor of death. 

The action on the adrenal center is hut a cou nte rpart of that on 
other organs. The Inhibition of the functions of the salivary glands 
observed by Gubler, Babutaau and others, illustrates the action of the 
drug on s ec r e to ry organs in g enera l. The diminution of aaUra musty 
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(grrifld) thenfora, the corresponding effect on the adrenals, La, a dimln- 
unoo of aeeretkm. The deficiency of adrenoxidaae in the blood normally 
eao— a rednetion of the temperature. Martin- Damourette and Pelvet" 
found that the entire surface was hypothermic. Wood" also states 
that In warm-blooded animals, toxic dos es of potassium bromide lower 
tut decidedly the t emperature. This is, in part, due to the recession 
of blood from the surface; but actual reduction of activity of all oxida¬ 
tion processci la shown by the fact observed by H. Bill," that the 
elimination of carbon dioxide from the lungs la markedly decreased by 
large doaea. The excretion of urea has been studied by various inves¬ 
tigators, but with contradictory results—a fact explained by the renal 
Irritation, whieh, according to Pletxer," large doses provoke. Hkoog," 
who reported several cases of bromiam, including some presenting mental 
disturbances, noted that "after a few weeks cellular resistance is low¬ 
ered, the decree depending on the individual susceptibility and amount 

°f dn^ r Q f t), e blood-stream in the capillaries, coupled with the 
low e red o'dduisg efficiency of the blood itself, favors the accumulation 
of the drug in the system. Wood states that it is undoubtedly to be 
found in every tissue of the body, and refers to the labors of Doyon and 
Caeeneuve," confirmed by those of Flirt and Herbert, 1 " aa showing that 
bromide of potassium “is stored up in the nerve-centers much more 
largely than elsewhere." The elimination occurs, in part, through the 
skin aa shown fay eruptions, pustules having been found by Guttmann" 
and others to contain the drug. The violet areola observed around the 
cutaneous lesions ia characteristic of bromism, according to Ffrt." It 
la doubtless partly due to the deficient local oxygenation, and the pre¬ 
cursor of the gangrenous plaques observed by Malherbe, 1 " Darnell" and 
others. That the aalt la also eliminated in the perspiration, the urine, 
and the faces is well known. 

The predilection of re cm of bromiein to pneumonia Han been 
emphasised by FSrt. Baker" ascribes the predisposition of epileptics 
to phthisis to the excessive use of bromides. Cushny" states that the 
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capillaries owing to relaxation of their arterioles*) difficult 
ideation and perhaps aphasia, hypothermia, cutaneous anes¬ 
thesia, weakness and irregularity of the pulse with concomitant 
or subsequent drowsiness which may persist several days, and 
be followed by slow recovery. 

In mammals, as well as In frogs, toxio doses cause death by pro¬ 
voking, as shown by Eulenburg ana Guttman, 1 * symptoms similar to 
tho se observed in man, general paralysis of all functions. Promi¬ 
nent among these are the evidence of impaired oxygenation, to, lower¬ 
ing of the temperature and gradual respiratory failure, the animal 
dying of asphyxia. The heart Is invariably arrested in diastole. 

* The treatment of bromide poisoning is described in a special 
section at the end of this volume. 

Therapeutics.—The action of th,e bromides thus inter¬ 
preted, accounts readily for their beneficial effects in the vari¬ 
ous conditions in which they are generally employed. Though 
their use is to be deprecated* in epilepsy as curative agents, 
since they aggravate the disease by inhibiting catabolism and 
therefore the destruction of the spasmogenic wastes,* the fact 
that the accesses are partly due, as will be shown, to excessive 
vascular tension* (caused by these wastes) renders their em¬ 
ployment permissible to ward off the attacks. This applies as 
well to tetanus, puerperal eclampsia and kindred disorders.* 
The value of the bromides in the various forms of nervous and 
mental excitement is likewise explained, since all nervous struc¬ 
tures are channels for adrenoxidase.* Excitement being due 
to hypereemia of nervous elements, the depletion of these ele¬ 
ments that general vasodilation insures, affords the required 
relief. The same physiological process accounts* for the value 
of the bromides in abnormal sexual excitement, nymphomania 
for example, in uterine disorders due to local hyperamia, in 
seminal emissions due to a similar condition of the spinal cord, 
in various subacute inflammatory disorders. 

VERATRUM VIRTDK. 

Physiological Action.—The action of veratrum viride has 
in recent years been said to resemble that of aconite, but this 
certainly is not the case. The symptoms ascribed by the au¬ 
thors of certain text-books are those of veratrine, an alkaloid 
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derived from Veratrum Sebadilla, and which occurs only in 
traces in suitable preparations of veratrum viride and whose 
effects do not appear even in cases of poisoning by the latter 
drug. Veratrine is an unreliable agent and should not be 
used internally. 

Veratrum viride, on the other hand, is a valuable remedy • 
when judiciously employed. By depressing directly the gen¬ 
eral* vasomotor center, it enables us to lower excessive arterial 
tension and to relieve an overburdened heart. It docs this by 
causing the blood to accumulate in the splanchnic area and 
other great vessels of the trunk. 

The moat valuable observations upon the action of veratrum viride 
per m are those of H. C. Wood,'* who found experimentally that one 
of the effects of the main active principle of veratrum viride, jervine, 
was a “depressing action" upon “the vasomotor center*.’’ “The cir¬ 
culatory phenomena,” says this author, “were primary slowing of the 
pulse with later rapid pulse and a progressiva falling of the arterial 
pressure from toe beginning to the end.” .While it is probable that the 
“primary slowing” was due to a slight preliminary stimulation of the 
general vasomotor center, the subsequent fall of blood-pressure could 
not be ascribed to inhibition of the heart, since Wood also says: “The 
slowing of the pulse was not due to any effect on the pneumogastric 
nerves, the jervuie acting as usual after section of these nerves/' The 
central action of the drug is emphasised by the statement that: “As, 
however, asphyxia, not galvanisation of a sensory nerve, produce* rise of 
pressure In the poi»M animal, It Is evident that jervine depresses toe 
vasomotor centers.” Pesci** confirmed these observations clinically In 
IS cases, all of which showed reduction of exaggerated arterial tension. 
Similar observations have been recorded by others. 

But this applies only to experimental (and, therefore, relatively 
large) doses of jervine; as shown below, veratrum viride contains also a 
small proportion of another alkaloid, vcmlrotdine, the effects of which 
only become manifest when large doses of veratrum viride arc adminis¬ 
tered. 

The vasodilation produced being coinmcrihurate with the 
size of the (therapeutic) doae given, we can at will regulate 
the vascular tension when this becomes excessive; again, as a 
given dose repeated at appropriate intervals sustains the effect, 
we can hold the blood-pressure in check until the danger is 
past. Finally, as the general vasomotor center recuperates 
promptly when the use of the drug is not too prolonged, tho 
* depression induced ia readily recovered from—which is not the 
case when bleeding, employed with the same ends in view, ia 
resorted to. 
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H. 0. Wood hai long nuhtrinri that veratrum viride KfbM 
blooding advantageously, and that "tho patient is bled into bis own cir¬ 


culation 1 * »by It. In pneumonia, for instance, bo dooms It the bast 
remedy at our disposal. This view is sustained by considerable *»■*■«* 
evidence. Gilardoni, 1 ” in an exhaustive experimental and clinical re¬ 
search. readied a similar conclusion. & found that the offset-increased 
with the dose, but that it was more marked when the drug was given 
hypodermically. No other drug decreased the arterial tension with 
safely to such an extent. In one ease, the patient took at one 'dose 
the entire quantity intended for twenty-four hours, and only showed as 
morbid symptoms vomiting and diarrheas. J. B. Tuttle* also witnessed 
a ease in which a man took by mistake, in the course of an hour, four 
teaspoonfula of Norwood's tincture of veratrum viride iwataaH of four 
drops. Some vomiting, slight pallor and marked weakness were the 
only symptoms observed. 

Untoward Effects.—A large dose of veratrum viride 
bringB out the .physiological effects of veratroidine, an alkaloid 
present in too small a proportion in a therapeutic dose to 
provoke morbid effects. These occur in addition to a farther 
depressing action upon the general Vasomotor center and the 
resulting decline of arterial pressure, vomiting, diarrhoea, some 
hypothermia and cold sweating, all with feeble pulse and 
respiration. 

These are the cases usually met with in practice. Besides the 
Instances witnessed by Gilardoni and Tuttle, referred to above, caeea 
have been reported in whleh the foregoing symptoms were present, by 
Pedigo/* Brothers, 1 * and others. Wood* alludes to several instances 
in which teaspoonful doses of the fluid extract wftt followed by recovery. 
The other eases mentioned also recovered under appropriate treatment. 
In an experimental research, veratroidine was found fay Wood* “to be 
more irritant than Jervlne, producing usually vomiting and some purg¬ 
ing.” 

Acute Poisoning.—A poisonous dose of veratrum viride 
introduces new factors in the morbid process. By lowering the 
blood-pressure 4o an excessive degree, the blood is caused to 
accumulate in the large central vascular trunks, now widely 
dilated. This entails lowered oxygenation in all peripheral 
tissues,* as shown by the marked hypothermia present, and 
slowing of the blood-current in ell organs. The functions of 
the pituitary body, including the adrenal center, being depressed 
from the same cause, less adrenoxidase is supplied to the blood 
—another feature that entails lowered oxygenation.* As a 
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nnilt of thie, toxic waste-products gradually accumulate in the 
blood, and aa such wastes violently stimulate the general vaso¬ 
motor center, causing general vasoconstriction, the specific ef¬ 
fects of the drug, vasodilation, suddenly disappear. These arc 
soon replaced, however, by another cause of general vasodilation, 
*. a., inhibition of the functions of the pituitary body and heart, 
due, as we have seen, 1 * 1 to excessive constriction of the arteries 
that supply these organs.* 

The transition stage from the legitimate effects of the 
drug to the phase of inhibition is marked by a clearly-defined 
sign: the pulse, previously soft and large and somewhat 
more frequent, now begins to drop steadily, until from per¬ 
haps 90, it falls to 50, 40, and even 30 per minute. This is 
due to the increasing pressure exerted by the blood-stream upon 
the heart.* Another result of the increasing vascular tension 
is violent retching and vomiting, due to the onslaught of blood 
in the gastric vessels, and the resulting reflex (vagal) action.* 

The heart, whose work is markedly increased while its 
nutrition is reduced* (the ischemia of the pituitary aiding the 
latter by depriving the blood of adrenoxidase*), soon begins to 
yield. While the period of inhibition is only in its incipicney, 
i.e., while the heart’s action is not very slow, its action may 
suddenly be rendered rapid, weak, and perhaps irregular by a 
physical exertion. Even in the absence of such an exciting 
cause, the organ soon assumes this gait—that of impending ar¬ 
rest. Belaxation of the vessels, due to loss of the propulsive 
power of the heart, now recurs. The blood once more receding 
to the deeper trunks,* the skin becomes cold, clammy, and 
bedewed with cold sweat, and the prostration is extreme. The 
brain likewise being deprived of much of its blood, vertigo, loss 
of vision, and unconsciousness occur in rapid succession. 
Finally, the pituitary and heart-muscle receiving an insufficient 
amount of blood to subsist,* the pulse becomes thready and then 
imperceptible, the heart ceasing its work in diastole. This is 
preceded, however, by arrest of the respiration, owing mainly to 
the fact that the venous blood is no longer projected with suffi¬ 
cient vigor to the pulmonary alveoli to be exposed to the air.* 

Briefly, we have (1) recession of blood to the deep chan- 
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nels; (8) accumulation of hypocatabolized wastes in the peri* 
pheral and cerebro-cCntral capillaries; (3) excessive excitation 
of the general vasomotor center and general vasoconstriction; 
(4) lethal vasomotor inhibition of the pituitary and heart. 

H. C. Wood," many yean ago, and again recently with E C. 
Wood, Jr.," found that when given nyriodermleally in tome d one e, vera- 
troidlne “caused an enormous rise of Dlood-pressure.” This could not 
be ascribed to a- direct action of the drug on the vasomo to r center, but 
to deficient oxidation, since the author found that “It did not occur w h a n 
artificial respiration was maintained”—a procedure whieh greatly la* 
creases the air intake. He ascribes it to “eentrio asphyxia,” but we 
have seen that the phenomena ascribed to the inert OO, are in reality 
due to toxic waste products. Again, the cardiac inhibition waa evi¬ 
dently the cause of the lethal phenomena, for H. C. Wood and XL C. 
Wood, Jr., referring to the former’s earlier articles state that “In these 
it waa noted that the veratroidine waa an extremely powerful stimulant 
to the Inhibitory nerves, so that it waa possible to produce by it a 
cardiac arrest which was immediately put an end to oy section of .the 
vagL” Finally, if the lethal vasodilation is due to inhibition, and not 
to the vasomotor dep re ssor jervlne, a dose of the violent vasomotor 
stimulant veratroidine should counteract it. Wood states that “an 
animal, apparently dead, could be restored to life by vagal section, or 
by giving mors of the poison,” referring to veratroidine. 

The treatment of veratrum viride poisoning is described in 
a special section at the end of this volume. 

Therapeutics.—In the incipient stage of pneumonia when 
excessive general vasoconstriction* tends to asphyxiate the pa-, 
tient by gorging his longs with blood, veratrum viride in small 
therapeutic doees, given frequently until dyspnoea is relieved 
and the pulse is less tense, is a life-saving measure by causing 
general vasodilation and relieving the heart of undue resistance. 
It is of especial advantage in plethoric subjects. Veratrum 
viride is also of value in convulsive disorders, such ob puer¬ 
peral eclampsia and epilepsy , to prevent convulsions, which are 
due in part to excessive vaeoconstriction and hypenemia of the 
cerebro-spinal system.* It should be regarded only as a palli¬ 
ative, however, since it tends to encourage hypocatabolism and 
the accumulation of spasmogenic toxic* wastes in the blood. 
Veratrum viride ia also of value in localized inflammatory pro¬ 
cesses such aa cerebritis, meningitis, pleurisy, and peritomfis, 
to antagonize excessive hypenemia. By causing general vasodi¬ 
lation it ia also advantageous in aneurism, especially when there 
ia danger of rupture. 
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ACONITE. 

Ufilologinl Action. —In therapeutic dotes, aconite de¬ 
presses the sympathetic center and causes general dilation of 
the arterioles.* An excess of blood being admitted into the 
capillaries, passive* hyperemia is produced. Small doses infre¬ 
quently repeated may thus cause a slight feeling of warmth; if 
frequently repeated, or if full doses are given, a characteristic 
symptom appears, vis., tingling, or prickling, felt at first 
either in the nose, lips, tongue, or finger-tips, and due to liyper- 
s emi a of the sensory terminals of the skin and mucous mem¬ 
branes.* 

The prevailing view that aconitine cause* the characteristic ting¬ 
ling by a local action of the remedy on the sensory terminals Involves 
the assumption that—inasmuch as */• grain (0.001 gm.) of aconitine 
caused Dr. Meyer's death, and also that of a case reported fay Uplnn*— 
a solution of 1 in 8,000,000 (baring the calculation on only 10 pounds 
of blood Mid disregarding the lymph-vessels into which tne plasma is 
constantly flowing) is the active factor in the process. Granting even 
that it has run safely the gauntlet of the antitoxic substances of the 
blood, this view does not appeal to reason. Especially is this the case 
when we take into account the fact that the tingling develops Into 
hyperesthesia, as it does at times In experimental animals, who jump 
about to avoid contact of their feet with the floor and show evidences of 
severe pain by their cries, and the fact that severe neuralgic pains occur 
in some ca s es of poisoning. These effects are obviously out of all pro¬ 
portion with the strength of the solution. On the other hand, we have 
a thoroughly logical explanation of these phenomena—and concurrently 
of all tiie other symptoms enumerated in the general text—in the sud¬ 
den flooding of sensory elements with arterial blood. The dilation of 
the arterioles is generally recognised; Shoemaker,“ for instance, states 
that “owing to the lowering of the blood-pressure and the dilatation of 
the arterioles caused by the aconite, the heat of the body is at first 
brought, with the increased blood-flow, to the surface." 

Untoward Effects and Poisoning. —When a large dose of 
aconite or aconitine is taken, this passive hyperaemia provokes 
a sensation of warmth throughout the body, including the skin, 
mouth, pharynx, and stomach, and redness of the face. This 
is accompanied by the characteristic symptom, tingling, which 
may now spread over large amis—owing to flooding of the sen¬ 
sory terminals with adrenoxidase-laden plasma.* The nerves 
themselves, especially the upper division of the fifth pair, may 
also become h y petsemic,* and cause acute lancinating pain. 
Among other symptoms observed that are aacribable to this 
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cause* are cephalalgia, tinnitus aurium, photophobia, dilation 
of the pupil, increase of cardiac power and of respiratory 
.activity, salivation, nausea, vomiting, and pruritus. 

Such a dose may introduce another morbid factor, 
depression, then paresis of the test-organ, and through it of the 
adrenal center. The proportion of adrenoxidase being corres¬ 
pondingly reduced, general hypometabolism fyllows in all tissues, 
including the walls of the arteries and heart. 

"Ia tbs very beginning of aconite poisoning,” writes Wood, "the 
bodily temperature may rise slightly, but In severe poisoning a very 
proj .«need fall occurs." The relationship of paralysis of the adrenal 
functions with this phenomenon Is not only suggested by the rOle of 
their secretion in general oxygenation, but also by the concurrent "fall 
of the arterial pressure, which," as stated by Wood, "progressively 
Increases to the end.” Now, Btrehl and Weiss"* found that after 
removal of one adrenal, the blood-pressure fell 4 or 5 m.m. Hg., but 
that when the second adrenal was removed, the blood-pressure fell at 
once 80 or 30 m.m. and continued to fall till death ensued. More¬ 
over, clamping of the adrenal veins—through which the secretion p a s s es 
to the blood—caused the pressure to fall, while their release at once 
caused it to rise. What paralysis of the adrenal center means under 
such conditions is self-evident. 

Several investigators, Boehm and Wartmann,** Qullland"* and 
others hold that aconite causes a rise of tha blood-pressure. But, as 
stated by Wood,"* the stimulating action of the drug on the vasomotor 
system is not proved by their researches. Interpreted from my stand¬ 
point, these investigators observed the intercurrent rise which precedes 
convulsions. But as the latter are due to toxic waste products of hypo- 
catabolism (owing to their imperfect elimination from the spinal sys¬ 
tem, an incident of the local isciusmlal, we cannot Incriminate the drug. 
Another misleading factor is the supposed physiological inhibition of the 
heart by the vagus. We have seen that this phenomenon is a morbid 
one, ana that the nerves the vagus supplies to the heart are vasomotor. 
Hence the preliminary slowing fay an excess of blood admitted into the 
heart and the subsequent tachycardia due to general vasodilation. 
(Marty's law). 

When the dose is sufficiently large to prove fatal, the capil¬ 
lary hyperemia is promptly succeeded by capillary ischemia, 
caused, by retrocession of the blood from all capillaries, and its 
accumulation in the deeper and widely dilated trunks, especially 
those of the splanchnic area.* This is due to the arrest of 
adrenal 'functions and the resulting depression of metabolic ac¬ 
tivity in the muscular layer of all vessels.* 

This inaugurates the stage of general depression and finally 
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collapse. The patient complains of great weakness, a nd of 
feeling cold and numb, the peripheral sensitive organs being now 
depleted of their blood. The surface is generally bedewed with 
sweat, the pupil is dilated, vision and hearing become impaired 
and towards the close may be lost, though the intellect remains 
dear. 

The pulse, at first slow, becomes rapid when the greater 
arteries are dilated (Marcy’s law).* Any exertion at this time, 
such as sitting up, etc., may cause cardiac arrest. The irregu¬ 
lar action finally lapses into delirium cordis, and the heart's 
intrinsic circulation* soon becomes sufficiently reduced to para¬ 
lyse its functions. 

The respiration, slightly increased in activity at first, soon 
becomes slow and shallow, expiration being followed by a long 
pause. Cyanosis and other signs of asphyxia, often preceded by 
a feeling of tightness about the throat and convulsions, then 
appear, the precursors* of death. 

All tills entails the conclusion that it is upon the centers that the 
drag acts. La horde and Duqueanel,*” LiSgeois and llotlot" 1 long ago 
furnished experimental evidence of this effect. Ciishny ,u also refers 
re p eatedly to a central action of the drug. Tlius, he states that “the 
respiratory symptoms are certainly of central origin, though their 
explanation is still unknown.” Again: “Death is dus to paralysis of 
the respiratory center from the dircet action of the poison.” The 
‘‘wpimtoiy center” being, from my standpoint, the adrenal center, and 
the adrenals ceasing tp produce their secretion, respiration becomes 
impossible. Cushny states that “the paralysis advances much more 
rapidly In the reeplratory center than elsewhere, and death occurs from 
asphyxia." Cash and Dunstan** state that death in mammals is due 
“to central respiratory failure." 

The treatment of aconite poisoning is described in a special 
section at the end of this volume. 

Therapeutics.— Aconite has been used considerably for the 
arrest of colds. Its. value in this connection is accounted for by 
the fact that it dilates the peripheral arterioles, and thus allows 
a greater volume of blood to penetrate the capillaries and to 
exercise more effectively its antitoxic action.* It is also bene¬ 
ficial in neuralgia and migraine when the blood-pressure is ele- 
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vated, thus driving the blood into the diseased nerves;* under 
the influence of aconite the general lowering of the vascular ten¬ 
sion, which the dilation of all the arterioles of the body entails,* 
thus relieves the pain. 

Aconite has been used in sthenic pneumonia to diminish 
the threatening asphyxia and relieve the heart, but veratrum 
viride is a better remedy for this purpose, since it depresses the 
vasomotor center* and relieves the pressure more effectually. 
It has been used in fevers of various kinds, but a better know¬ 
ledge of the immunizing value of the febrile process has caused 
its use to be laigely abandoned. 

AMYL NITRITE. 

Physiological Action.—Amyl nitrite, by stimulating the 
sensory end-organs of the fifth pair in the upper respiratory 
tract, while inhaled, causes reflexly a alight rise of the arterial 
tension by stimulating the sympathetic center;* but this effect 
is almost immediately replaced by general vasodilation begin¬ 
ning with the arterioles, due to the characteristic physiological 
effect of the drug: depression of the sympathetic center.* 

Cushny"* states that "In the beginning” and "from irritation of 
the nasal sensory terminations" ..... "the blood-preesure may rise 
and the heart be slowed from reflex action on the inhibitory and* vaso¬ 
constrictor centers respectively.” Reichert"* also noted a primary stim¬ 
ulation. Wood"* states that "our present physiological evidence justifies 
the belief that veTy small quantities of amyl nitrite primarily stimulate 
the heart, although it is demonstrated that in moderate or large 
amounts the drug respectively depresses or paralyses the heart-muscle.” 
Conversely, Vanues"' observed that a small dose inhaled by an individual 
whose arterial tension is moderate reduces the arterial tension hy from 
40 to SO m.m. llg., while a large dose lowers it by from 70 to 80 m.m. 
The primary stimulation is, therefore, but a preliminary incident due 
to the drugs irritating action upon the respiratory passages and inde¬ 
pendent, therefore, of its true physiological effect. 

When a full or excessive dose of amyl nitrite is inhaled, the 
relaxation of the arterioles produced causes the capillaries of 
all organs, including the central nervous system, to become 
overfilled with arterial blood, t.e., passively congested. The 
face, neck, and upper portion of the body become flushed; severe 
and sometimes violent headache, with confusion and perversions 
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of color Muse (objects appearing yellow), is complained of; the 
heart beats forcibly, the respiration is likewise accelerated and 
deepened. When moderate doses are used these phenomena 
gradually subside. 

This stage of peripheral liypcrannia could not occur if the 
larger vessels, especially those of the splanchnic area, were like¬ 
wise dilated, since the blood would accumulate therein, and 
cause ischaemia of the peripheral capillaries.* 'I'liis is what takes 
place under the influence of large doses, those which likewise 
depress the vasomotor center. Another factor is superadded 
under these conditions, however: depression of the adrenal cen¬ 
ter either through direct depression of its functions or through 
ischemia of the pituitary ltody.* The blood being thus rcndeml 
poor in adrenoxidasc while the capillary streams are greatly 
reduced. in volume, their blood is rapidly minced, i.r., rcndeml 
venous by the tissues.* Hence the fact that marked hvp«>- 
thermia and cyanosis occur under the influence of large doses. 

The effects of the drug appear very promptly. Within a minute 
of the inhalation, according to Hale "White."* the arterioles “may 
actually be seen to widen in the ear nf a rabbit or in the retina.' 
Similar observations have been recorded by Amex-Dror.,*” tlaspey,*” 
Aldridge," 1 Bader and others. Francis Hare** 1 also ascrilies the action 
of amyl nitrite to “widespren.1, it not general, peripheral vasodilation." 
and holds that “this action is alone sufficient to explain the therapeutic 
effects which have been or may la observed in a number of clinically 
diverse affections.” This is doubtless true in so far as the average dose 
Is concerned. 

The effects of large doses on the general blood-pressure are well 
shown In the following quotation: Nothnagel and Rnssbaeli"* state 
that the cutaneous vessels are not alone dilated; one may also sec the 
vessels of the deeper organs, those of the pin mater, for example, are 
dilated, and may thus become twice or three times tlieir normal diameter 
(Schuller, Schramm).” Cushny*** states that both the arteries and 
veins are widened “very considerably under the influence nf the drug," 
and that “the vessels of the abdominal organa and t*-e brain are more 
affected than those of the extremities.” Again, as will he shown under 
Nitroglycerin, dilation of the arterioles only does not cause an appre¬ 
ciable fall of the blood-pressure, while, as stated by Nothnagel and Ross- 
bach, amyl nitrite may cause one of 50 m.m. and considerably below 
that aa shown recently by Vannes.*" 

The promptness with which cyanosis occurs is not fully accounted 
for by the putanaous ischemia, since other drugs which depress the 


*4«Oor’i coarfwfoe. 

■“Hals Whits: “Materia Medics.” London, ISM. _ 

"* Amon-Dron: Areblv do physiol., vol. t, p. W. ISM. 
■"Saapoy: Virchow's Archlv. Bd. Iht, B. 301. ISIS. 

■ Aldrtdcs: West Riding Lunatic Rep., vol. i. p. 71, 1S7L 

■ Francis Horn: Clinical Journal, Aur. St. 11 
*■ Nothnasel and R oss b o c h: Lac. elf., p.JW-_ 

“ Cnstany: Lor. Ht., fourth edition, p.*4S6, 

Vaquen: Lae. eit. 



1852 OTTXBNAJj BSCBWTIONB IN FHAJUCACQDTNAM10& 

vasomotor esntar do not prodooa this effect. The feet that the adrenal 
fonetiona are likewfee Inhibited ia eugg—te d in various way*. Accord¬ 
ing to Wood, - * amyl nitrite "reduces meet remarkably animal tempera¬ 
ture”—an much aa IS" F. (7* O.) in one of hia experiments. Bourne- 
villeP* obaerred in one of hia experiments a reduction of 9° O. (1U* F.). 
Wood ascertained that the excretion of carbon dioxide was reduced. 
The actual absence of a substance capable of talcing up the oxygen of 
the air la shown by the fact that GamgeeP* found “that amyl nitrite 
blood had lost Its power of absorbing oxygen or of yielding oxygen to 
the air-pump. 1 * Devoid of adrenal secretion, the blood cannot absorb 
this gas, and what remained in it having been taken up by the tissues, 
none was available for the tissues.* 

Aonte Poisoning.—The toxic effects are, in addition to the 
blood-changes described below, the cyanosis and the general 
vasodilation; excessive muscular weakness and great pallor, a 
slow, weak and irregular pulse, shallow and irregular respira¬ 
tion, loss of reflexes, wide dilation of the pupils, arrest of the 
respiratory movements, and asphyxia, sometimes precdBed by 
tetanic convulsions. 

All these effects are due to paralysis of the adrenal center.* 
Small doses obtund its sensibility temporarily; but poisonous 
doses paralyse its functions sufficiently to allow morbid changes 
to occur in the blood, which render it unsuitable for the con¬ 
tinuation of life.* 

The blood, under the indirect influence of toxic doses (in 
man) of amyl nitrite, assumes a nearly uniform chocolate-brown 
color, owing to the presence therein of methsemoglobin. This 
substance is heematin, the iron-laden constituent of hemoglobin, 
which normally remains in the red corpuscles, and serves to 
hold therein the adrenoxidase (the albuminous constituent of 
the hemoglobin molecule), pending its gradual distribution to 
the tissues. When, under the influence of amyl nitrite, too 
little adrenoxidase is available in the blood to supply the needs 
of tissue respiration, the hematin is not only deprived of the 
greater part of the adrenoxidase linked to it, but it is itself (in 
part), owing to its firm hold upon the lost remnants of the latter 
substance, withdrawn from the red corpuscles into the plasma.* 
Hence the term “methsmoplasma.” This symptom is not nearly 
as marked in man, however, aa it ia in animals. 
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• ami picture of adrenal lnsuffldeney promptly •spoon _ 

__, administered to exeecalve. "After pmonooi i n mir mm Pro- 

fmortr Wood, "the symptom* bon bees great pallor, usually dilatation, 
bat aometimeo contraction of the pupils, excessive muscular relaxation, 
glow, scarcely perceptible -pulse, bmmoglobtnuria and Irregular respire- 
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Wo ban Just seen that Gamgee found that amyl nitrite blood no 
lonflsr yielded oxygen to the air-pump. H a mm arsten— states that 
MmSbamoglobin doss not contain any oxygen in molecular or dissociable 
.oombhutkm.” Tbs causative absence of oxidising substance ”**8**** 

' fk. whole prorres of methmnoglobin formation to a *srrvspoit€i«% 
diminution ofoxygen, and la^Mates the P^aning view that amyl 
nitrite a nd other drugs cause methwmoglobuuemia by acting directly on 
the blood.* Referring to a mouse killed in 2 minutes by 
inhalations. Haldane, Makgi 11 and Mavrogordato*" state that the symp- 
wm those of asphyxia from weal of oxygen." In another cxperl- 
STt tbTaidSl was planed In oxjwen with a 0.3 c.c capuie, «*«» 
oxvsen nressure raised to 80 c.m. This mouse only died In 14 mlnutea 
A^hd P anlmal was placed in pure oxygen at atmospheric pressure and 
an 0.18 oje. capsule. P At the eleventh minute the air was ! *" 

"tar smooda life had ceased. The blood In all was choeolate-colond. 
The authors also ascertained during experiments upon themselves that 

carbonm aSd polmniing““^TSSShl 
Identical to those ev oked by amyl nitrite. That meUiwmof. ^tln 
formed 1Irrespective of any direc t act ion upon It, and isimply 
of oxygen, is also sbown •y.“ , «, f o ,low I , J8 
described by Hammarstens “If arterial blood be sealed up In » bj > 
It mduallv consumes its oxygen and becomes venous, and by this absorp- 
tknjf little metbmmoglQbmiisformed.” Gamgee, however, found 
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corpuscles. The conversion into methssmoglobln doee nrt entail, s^m 
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The treatment of amyl nitrite poisoning is described in a 

special aection at the end of thia volume. ..... _ 

B ^ 8C Therapeutics.—The vasodilator action of amyl nitrite upon 
the arterioles, owing to the lowering of the vascular tension it 
involves, accounts for its beneficial action in angina pec tons. 
a disorder due to excessive arterial tension, and claudication of 
the heart In the continuous hyperconstriction which keeps up 
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the convulsions of status epilepticue, and the corresponding 
though temporary condition in tetanus, puerperal eclampsia and 
kindred disorders, the drug is of recognized value. An deration 
of the blood-preBBure, as will be shown, likewise prevails in 
migraine and neuralgia, a fact which accounts for the analgesic 
effect of amyl nitrite in this disorder. In dysmenorrhaa, the 
condition of the uterus and adnexa resembles closely that which - 
prevails in angina pectoris; hence the benefit derived from 
the drug. Tn the chill of intermittent fever, due to hypercon- 
striction of the cutaneous arterioles, a few whiffs (about five 
minima ) of amyl nitrite suffice to cause its cessation. 


NITROGLYCERIN. 


Physiological Action. —Nitroglycerin causes dilation of all 
arterioles,* by depressing directly the sympathetic center.* The 
capillaries of all organs being thus caused to receive an influx 
of arterial blood,* full therapeutic doses give rise to a sensa¬ 
tion of fullness of the head with throbbing, more or less violent 
headache, vertigo, congestion of the conjunctiva, tingling or 
itching in the throat and tongue, salivation, muscular stiffness 
and spasmodic jerks, tinnitus aurium, flushing of the face and 
sometimes of the neck and trunk, and a feeling of constriction* 
about the throat and procordial region. The cardiac contrac¬ 
tions are more powerful, sometimes dicrotic, and, oaring to the 
vasodilation, more frequent, the increased cardiac power extend¬ 
ing up to and being discernible in the carotids. 

Various investigator*, including Hdnocque, - * Lauder Brunton and 
Tait, 111 and Hay" hold that nitroglycerin and amyl nitrite act similarly, 
notwithstanding the disparity in their chemical composition. The pri¬ 
mary vasoconstriction due to irritation of the respiratory pass a g es is 
not provoked by nitroglycerin, however, a fact ascertained experimentally 
by Haldane, Makgill and Mavrogordato." Hence dilation of the arteri¬ 
oles is the first effect of the drug, irrespective of any intervention of 
the “inhibitory'’ or depressor mechanisms, which have Introduced con¬ 
fusion in the study of amyl nitrite. 

When the doses taken are administered too often, or when 
they are large, the dilation of the arterioles is supplemented by 
dilation of the larger vessels, caused by a similar depressing 
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effect of the drag upon the bulbar vasomotor center and its sub- 
Bidiary centers in the cord.* 

The prevailing view ia that nitroglycerin in therapeutic doeee pro¬ 
duces general vasodilation, but, as recently shown by H. P. Loomis,* 1 * 
such is not the case. By means of the sphygmomanometer used in a 
number of case s, some of which were observed until recovery, he ascer¬ 
tained that even whan given in full therapeutic doses repeatedly, the 
drug did not lower the blood-pressure. It was only when given to dogs 
in do ses which would have proved toxic to man that the btood-presaure 
fell, the heart being extremely weakened. The fall of pressure lasted 
only five minutes, however, though the heart remained feeble. The 
retrocession of blood from the capillaries was rendered evident by marked 
diminution of the volume of too kidney, as shown by an oncometer 
placed upon this organ. 

This points clearly to the sympathetic center as the one depressed 
by the drug at first, since dilation of the arterioles alone, such os that 

{ traduced by therapeutic doses, does not suffice to cause an appreciable 
all of blood-pressure. _ Indeed, did such occur, there would not ne flush¬ 
ing of the face and other signs of hypenemia, but pallor and other 
signs of capillary anemia, owing to recession of the blood to the deeper 
vessels. When large therapeutic doses are taken, however, the vaso¬ 
motor center is also depressed fay the drug. This is shown not only by 
the cardiac weakness in Loomis's dogs, and the dose required to pro¬ 
duce it and reduce the pressure, but also, in man, by the fact that Von 
Noorden*** found that by using veiy large doses, e.g., "daily doses of 10 
milligrams, and even 12 milligrams 1 ’ ('/■ to '/■ grain), (the initial doses 
having been small and gradually increased) the blood-pressure could bo 
reduced from 180 and 220 to 100 and 120, and even less, in his service 
in the Frankfort Hospital. 

Untoward Effects and Poisoning. —The untoward phe¬ 
nomena produced by nitroglycerin are all those enumerated 
above which exceed a Blight frontal fullness, tingling, itching, 
or formication in the throat and tongue and a slight quickening 
of the pulse, and. perhaps, a feeling, of warmth about the face. 

When the blood-pressure is reduced by depression of the 
vasomotor center, the arterial pressure falls and all the symp¬ 
toms are those of collapse—the reverse of the erethic condition 
produced by the smaller dosea, which affect only the sympathetic 
center. There is marked failure of the heart’s action, and its 
beats may become weak, irregular and intermittent, the pulse 
being correspondingly feeble. The resulting retrocession of the 
blood from the surface, including that of the pulmonary alveoli, 
engenders inadequate oxygenation,* but another factor promptly 
aggravates the morbid process under these conditions: ischemia 
of the anterior pituitary body and inhibition of the adrenal 
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function*. • Hence {he marked dsypnoea, hypothermia, an®*- 

thesia, and cyanosis. 

The nhoui stages of this process are explained in the foregoing 
general text. 

The sequence of events caused by large doses may be Illustrated 
by Demme’s*" experiments on himself with a 1 in 10 alcoholic solution. 
Two or three drops caused formication or itching (also mentioned by 
. Vohl M ) in the mouth and tongue, salivation, an increase of 10 to 18 
' beats in the pulse. After 0 to 10 minutes, dull, constrictive pains in 
the forehead, vertigo, cerebral fatigue. With /lee or aim drops, these 
phenomena occurred sooner and were more marked; choreic movements 
of the maaseter then appear, which may spread to other muscles when 
ten drops are given. Although these doses should not be taken os guide 
in practice, Loomis** states that the usual dose, V M grain (0.00086 gm.), 
is too small to produce any effect in pathological conditions, and that 
Va grain (0.0013 gm.) is a mi: iraura dose. He regards it aa a safe 
drug—in opposition to prevailing view—even large and repeated dosea 
having never produced ill effects. D. D. Stewart*** states that an exces¬ 
sive tolerance to nitroglycerin can be readily acquired if care is not 
taken to avoid a too rapid increase of the dose; hence the drug, though 
Intelligently employed, is often of little service. He refers to a case in 
which 60 minims of a 10-per-cent, solution were taken daily without any 
very marked effects. Bins,** of Bonn, states that man “offers, as a rule, 
energetic resistance to nitroglycerin when the doses ate not excessive,’’ 
and refers to others who advocate larger doses than those generally 
administered. 

Still we must not overlook the fact that nitroglycerin is capable 
of producing violent symptoms. Wood refers to an observation of 
Noer’s,*** in which ten-drop doses of an alcoholic solution (usually V») 
in a woman caused violent toxic phenomena. 

The treatment of nitroglycerin poisoning is described in 
a special section at the end of this volume. 

Thempeutios. —The beneficial effects of nitroglycerin are 
due to the fact that it lowers excessive arterial tension' in the 
organs themselves, by dilating only the extremities of the vascu¬ 
lar tree, i.e., the arterioles.* In angina pectoris, for example, 
the pallor and ashen gray appearance of the surface observed 
not only during the paroxysm in some, but at all times, points 
to excessive vasoconstriction. Here, one minim of the 1-100 
alcoholic solution, three times daily, suffices at first, but gradu¬ 
ally, as the patient becomes habituated to the drug (the sym¬ 
pathetic center becoming less and less sensitive to its action*), 
it must be increased until three or four times the original dose 
is taken. 
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lie beat rule for giving the drug for ita effect* on Mood-preeaura 
1% in Stewart’* opinion,*" to *feiiniater it four time* a dap in doae 
hut sufficient to produce the slightest feeling of fullness In the head or 
to slightly quicken the pulse. If more than that ia given, an undealr- 


■ewma needed to keep up a constant effect, it ia best to discontinue the 
drug for two or more days, at intervals, and to resume its use with a 
smaller initial doae. By so doing the use of very large doses and strong 
solutions, which are not exactly safe to handle, will be avoided. Nitro¬ 
glycerin, Stewart thinks, has not mot expectations as a remedy in con* 
altiona of persistent high tension, and he now uses it in such cases less 
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limiting the nitrogenous intake and maintaining free action of the skin 
and bowels. Aconite is often substituted for nitroglycerin in these cases 
with advantage. 

It has been used to advantage in epilepsy, puerperal eclamp¬ 
sia, and kindred disorders in which the arterial tension ia high. 
ThiB phenomenon is also present in uraemia. 


DBUGS WHICH RESEMBLE NITROGLYCERIN IN THEIR 
PHYSIOLOGICAL ACTION. 

Eryihrol tetranitraie is somewhat leu active than nitro¬ 
glycerin, but ita effects endure much longer and begin earlier 
after its ingestion. Its physiological action differs in no way 
from that of nitroglycerin. Being also a violent explosive, tab¬ 
lets should alone be prescribed. 


CREOSOTE, CREOSOTE CARBONATE, GUAIACOL AND 
GUAIACOL CARBONATE. 

Physiological Aotion. —Creosote is primarily a depressant 
of the sympathetic and vasomotor centers.* If the patient be 
markedly asthenic, as the result (1) of the disease from which 
he is suffering; (2) of a congenital hypersensitivenesa of the 
two vascular centers mentioned;* (3) of a temporary hypersen- 
Bitiveneu of these centers, brought on by shock, pain, etc., even 
a small dose may provoke sufficient general vasodilation* to 
cause an accumulation of blood in tho great central vessels, and 
by depleting the peripheral vessels canse marked hypothermia. 

This is * very important feature of the action of creosote, which 
should be borne in mbid when It Is prescribed in tuberculosis. Its 
de p re ssi ng action on both vascular centers is illustrated by its effects 
oa the temperature. Thus R. Blmon*" states that in some subjects, 
hypothermia last* as long as creosote is employed; in am of his eases 
it remained 1.1* C. (2* P.) below normal during the two months that 
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It «m used. Buriureaux** states that After injections of creosote "the 
patient may complain of a most unpleasant sensation of internal cold; 
his extremities are Icy, and his lips cysnosed. ....'” Deenlmts*** 
found that, like guaiaeol, it caused “a general and intense vasodilation 
with all its consequences." Even a small dose may cause death under 
such conditions. Zawadxkl*“ reported a death in a young woman who 
was taking IS minims daily. 

The production of a temporary vulnerability of the vascular cen¬ 
ters to the morbid effects of creosote is well shown by various instances 
reported by Simon. In several cases "the drug was tolerated perfectly 
before and after an attack of influenxa, but not during this disease. 
In another, large doses could be taken excepting during menstruation. 
In some, the untoward effects came only after the injections had caused 
severe pain. In one of Burlureaux’s cases, it came on immediately after 
a painful traumatism, etc. That advanced cases of tuberculosis cannot 
bear creosote, and that certain persons are very susceptible to its effects, 
is well known. 


When marked general asthenia is not present, the arteries 
and arterioles arc only sufficiently dilated to admit a greater 
volume of blood than usual into all capillaries,* and to reduce 
excessive vascular tension. This action is supplemented by 
another which endows creosote with its curative properties in 
appropriate cases, viz., it excites a protective reaction of the 
test-organ.* The adrenal center being stimulated, the quantity 
of adrenoxidase in the blood is increased and its proportion of 
auto-antitoxin likewise.* The volume of arterial blood circu¬ 


lating in the capillaries—of the lungs, for example—is thus not 
only increased, but its bacteriolytic and antitoxic properties are 
also enhanced. 


Arloinj^* found that creosote, as well aa cucalyptol, guaiaeol and 
mercury, when injected repeatedly into goats, caused their blood to acquire 
the property of “agglutinating rapidly and completely Koch’s tubercle 
bacilli suspended in homogeneous emulsions." He found that in equal 
volume this apat serum “agglutinated somewhat less energetically than 
the serum of goats which hac received tuberculin." The connection 
between this condition of the blood and the preliminary depression of 
the vascular centers produced by the drug is illustrated by the hyper¬ 
thermia which occurs when the hypothermia ceases. Thus, Simon states 
that in c a se s of intoxication the temperature becomes steadily lower 
until the seventh hour, when (under tne influence of the adrenoxidase, 
which has been accumulating ail this time*) a reaction occurs, the tem¬ 
perature gradually rising up to 39° 0. (102.2° F.) or 40* C. (104° F.), 
the latter coinciding with free sweating. This indicates, aa Deaplata 
says, “a sudden ana general vasoconstriction, which should not be con¬ 
sidered as a rigs of intoxication. Indeed, such a reaction la the sign 
of recovery even after enormous doses, ae shown by several eases on 
record. In a case of Faisans’s*" a dose of 9.S gun. (140 grains) taken 
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surreptitiously by the patient to hasten his cure, the hypothermia was 
s uc cee ded by a temperature of 38* 11. <100° F.) and hypermthmia, 
showing that the peripheral capillaries were hypenemic. 

Untoward Effects and Poiaoning. —As shown by the above 
analysis, the untoward symptoms are due to depression of the 
sympathetic-and vasomotor centers,* and the resulting general 
vasodilation. The blood accumulating in the deeper vessels, the 
subjective signs are progressive hypothermia with sensation of 
intense cold, cold sweatB, contracted pupil, vertigo, marked 
adynamia, cyancais, and nneonsciousness with involuntary 
emesis and micturition—on the whole a cholera-like syndrome- 
due to ischaemia of the peripheral organs. In markedly debil¬ 
itated individuals collapse may occur, and death follow respira¬ 
tory failure. 

In the majority of cases, however, after a period of six or 
seven hours, the drug is sufficiently modified by the blood’s 
auto-antitoxin* (especially adrenoxidase, which by oxidising it 
turns it black*) to lose its depressing power over the vascular 
centers,* and the tide turns. The blood-vessels not only resume 
fheir normal caliber, sometimes suddenly, but the reaction of 
the test-organ, which the presence of the drug in the blood has 
excited all along,* having caused ovcractivity of the adrenal 
center and. as a result, an accumulation of adrenoxidase in the 
blood,* evokes the hyperthermia referred to. which inny reach 
104* F. (40 # C.). The cutaneous and eerebro-spinnl vessels 
being now overfilled with blood, general hypenesthesia. hallu¬ 
cinations, talkative delirium, dilation of the pupil, restlessness 
and trismus may occur. The urine is usually smoky, owing to 
its content in oxidized creosote*—the oxidation* continuing in 
some instances when the urine is exposed to the oxygen of the 
air. The patient soon recovers completely. 

The untoward effects are not necessarily caused l>y large doses 
only. Simon refers to cases in which doses as small as minim 
(0.0012 cm.) and 5 minima (0.3 c.c.) brought them on. It depends 
entirely upon the condition of the patient, ».e., from my standpoint, of 
the aensUlveneM of hia vascular centers. In such cases these centers 
ara on the verge of collapse, and this may occur in persons who have 
been ** lrt "g the drag right along, owing, we have seen, to the debilitating 
action on the patient's wmonsa commune of some intercurrent in¬ 
fluence, menstruation, grippe, pain, etc. Neither sex nor in influences 
the production of these phenomena. Lamplough, - * who treated 100 
cases without meeting with untoward effects, gave children from two 
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to five yean of age 30 minima (2 0 . 0 .) dally. He followed strictly a rale 
which should never be set aside when creosote is used, vis., to begin with 
very small doses so as to teat the patient’s sensitiveness. Sehoull** 
used it safely in patients ranging from two months old to ninety-one yean 
of age. This does not mean that extreme ages are free from its toxic 
effects. Mansard"* observed a fatal case of poisoning in an Infant four 
weeks old, in which the most prominent symptom was cyanosis. 

The identity of creosote as a derivative of wood-tar accounts for 
the fact that it may become oxidised in the blood. Wood"* states, in 
fact, that “it occurs in the urine probably in part as oxidised educts." 
We have seen that, as shown by Bertrand, Loew and many others, plants 
contain a ferment which becomes oxidised and black on exposure to oxy¬ 
gen. That the process of distillation liberates such a ferment is prob¬ 
able. Simon, referring to instances of poisoning, states that “the urine 
may be already black on leaving the bladder, or it may blacken very 
rapidly on being exposed to the air." This suggests that the vegetable 
ferment might prove active in the blood, but many facts indicate that 
such is not the case. 

The treatment of creosote poisoning is described in a spe¬ 
cial section at the end of this volume. 

Therapeutics.— Creosote carbonate which contains ninety 
per cent, of creosote is preferable to pure creosote. It is an 
oily, tasteless liquid which can be readily administered in cap¬ 
sules. In lobar pneumonia creosote is of very great value during 
thp early stages, when the diseased area is engorged. A danger¬ 
ous feature of this stage is the excessive vascular tension. The 
drug not only counteracts this condition, but it opens the chan¬ 
nels through which the auto-antitoxin-laden blood can penetrate 
to the diseased lobes.* The pneumococcus being readily killed, 
creosote often becomes a life-saving measure. This applies as 
well to broncho-pneumonia. In pulmonary tuberculosis , the 
slight vasodilation produced likewise enables the arterial blood 
laden with antitoxin to reach more freely the diseased portions 
of the lung,* and thus to enhance the local reparative process. 
The manner in which it is to be used is indicated under the 
headings of these various disorders. 

Ouaiacol may be used instead of the foregoing, but the 
gvaiacol carbonate is less toxic and should be given the prefers 
ence. A curious property of guaiacol is to produce, when painted 
on the skin, a more or less marked hypothermia. It does this 
by depressing reflexly the vasomotor and sympathetic centers.* 
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Yaaodilation thus produced is of advantage as an emergency 
measure, as will be shown, but not in the treatment of the dis¬ 
orders in which, on the other hand, creosote and creosote carbon¬ 
ate are of great value.* 

Carbolic add acts much as does creosote, but it is more ac¬ 
tive as a stimulant of the adrenal mechanism, and the depress¬ 
ing action on the sympathetic and vasomotor ccnturs is antagon¬ 
ized almost from the start by a large increase of adrenoxidosc.* 
Toxic doses, however, likewise paralyze the vascular centers, and 
produce marked hypothermia. The internal use of carbolic 
acid is especially interesting on account of Baccelli’s success 
with it in tetanus. His results are accounted for by the fact 
that, the proportion of auto-antitoxin in the blood being greatly 
increased by the drug, the spasmogenic poison is actively 
destroyed.* 
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CHAPTER XXII. 


THE INTERNAL SECRETIONS IN THEIR RELATIONS 
TO PHARMACODYNAMICS ( Continued ). 


THE BLOOD-PLASMA OF TERRESTRIAL AN IMATE AS THE 
FUNCTIONAL HOMOLOGUE OF SEA-WATER. 

The kinship between the blood-plasma of vertebrates and 
sea-water was referred to in the first volume. I wrote at the 
time : l “The many vestigial structures which the human frame 
exhibits as relics of its evolutional past not only include evi¬ 
dences of a primitive aquatic existence, the embryonic branchial 
or gill-clefts and the pituitary bodies, for instance; but the 
plasma in which all the cells of the organism bathe may be 
said also to typify the original medium.” Since then, the ques¬ 
tion has received considerable attention, as shown by the quota¬ 
tions submitted below, which indicate that the subject as a whole 
harmonizes perfectly with the soundest teachings of many 
branches of science. 

Rcn6 Quinton, who pointed out this similarity between sea¬ 
water and the blood-plasma, in 11)00 -at the XIII International 
Congress, more recently presented the results of additional in¬ 
vestigations before the PariB Academy of Sciences. “In 
M. Quinton’s view,” says a correspondent, 9 “sea-water is the 
natural source from which, as Haeckel believes, those elemen¬ 
tary bodies have their rise, which in turn develop into every 
other species, human beings included. The environment in 
which the anatomical elements of living creatures exist is 
neither more nor less than a marine one. Our tissues and 
cells continue to exert their functions in a fluid the composi¬ 
tion of which presents the closest resemblance to that of sea¬ 
water. Hitherto the number of elements entering into the 
composition of a living body has been considered to be about 
fifteen. But the researches of M. Quinton have shown the 
existence of traces of at least some fourteen other elements which 
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are also found in sea-water, such as copper, lead, silver, gold, 
and others. Further, if an animal be bled to exhaustion and 
the place of the blood be supplied by sea-water, on the morrow 
the animal will have regained its strength, and at the end of 
five days its recovery is complete. M. Quinton has'injected 
into animals a quantity of sea-water greater than their own 
body weight without any toxic effects, whereas on injection of 
pure water brings about death. Sea-water then appears to be 
the nutrient fluid of animals, their natural plasma in fact.” 

Other observers have lately taken up the question. Macal- 
lum, of Toronto.* finds from geological evidence “that in the 
ocean of the earliest period the relative proportions of the ele¬ 
ments: sodium, potassium, calcium and magnesium approxi¬ 
mated to those found in river discharges or in fresh water shed 
from areas covered with archlean rocks. This condition must 
have continued until living forms made their appearance in 
the ocean, when the gradual elimination of the magnesium, and 
particularly of the potassium and calcium, began. The living 
forms were in all probability unicellular; and ‘as the period 
must have been of great duration, the organisms and their pro¬ 
toplasm acquired a fixed relation to the four elements/ In the 
transition from the ocean of the more ancient composition 
to that of the present, the unicellular forms became multicel¬ 
lular, and developed circulatory systems, the vascular fluids 
of which were at firet simply modified sea-water. Pro¬ 
fessor Macallum lays stress on the resemblance between the 
blood-plasma of vertebrates and sea-water as regards the rela¬ 
tive proportions in which sodium, potassium and calcium are 
present, and considers this similarity to he due to heredity, 
‘the proportions of the saline constituents of the plasma being a 
reproduction of the proportions which obtained in sea-water 
when circulating plasmata were developed/ He thinks the 
same general principle holds good for protoplasm as well, and 
maintains that both animal and vegetable protoplasm derive 
their relations to the elements, sodium, potassium, calcium and 
magnesium, from the composition of sea-water which obtained 
when all forms were unicellular.” 4 
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The researches of Jacques Loeb,* and the investigations 
of Matthews, Fischer and others, have also shown that "the 
solution which is most favorable to the life of the tissues is 
one which contains a number of salts, and these in the same 
concentration in which they exist in sea-water. The excess, 
deficiency or removal of one or more of these salts disturbs the 
equilibrium of the solution, which becomes toxic for the animal 
cell. The practical application of this fact is obvious. The nor¬ 
mal salt solution of the future will be one having practically 
the same composition as sea-water, if not sea-water itself. 

"It is easy to explain the reason for tliiB predilection of 
the animal cell for an environment having the same saline con¬ 
tent and concentration as the water of the ocean. During the 
dawn of life all cellB lived amid this environment, and the 
chemical and physical structure of protoplasm became adapted 
to the chemical and physical characteristics of the surround¬ 
ing medium. In Bpite of the enormous lapse of time, and the 
complex elaboration of the simple protoplasmic units into the 
higher animal forms, the former still retain the ingrained habits 
of their primitive life.”® 

Professor Bunge, of Basle, 7 states that he is "convinced 
that the remarkably high percentage of salt in vertebrate ani¬ 
mals, as well as the desire to take salt with our food, can only 
be satisfactorily explained by the theory of evolution.” Me 
also remarks in this connection: "The land vertebrates are all 
Temarkably rich in salt, in spite of the scanty supply around 
them. But even these are only apparent exceptions. Wo need 
but remember the fact that the first vertebrates on our planet 
all lived in the sea. Is not the large amount of chloride of 
sodium found in the present inhabitants of dry land another 
proof of the genealogical connection, which we are forced to 
accept from morphological facts? There is no doubt that each 
of us in his individual development has gone through a stage 
in which he still possessed the chorda donahs and the branchial 
arches of his sea-dwelling anccston. Why may not the high 
average of salt in our tissues be also inherited from them? 
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“If this interpretation be correct, we should.expect that the 
younger the vertebrates are in their individual development, the 
more salt they would possess. This is in fact the case. 1 have 
convinced myself by numerous experiments that an embryo of 
a mammal contains more salt than a new-born animal, and that 
it gradually becomes, after birth, poorer in chlorine and sodium 
as it develops. Cartilage contains the most sodium of any tis¬ 
sue in our bodies, besides being also the tissue of greatest an¬ 
tiquity. It is histologically identical with the tissue which still 
survives in the skeleton of the Selachians, a sea-water animal, 
during its whole life. The human skeleton, as every one knows, 
is originally also composed of cartilage, and even before birth 
much of this is replaced by bone. This phenomenon cannot be 
understood on teleological grounds; it can only be explained 
by the theory of evolution.” 

These quotations—purposely used to preserve the full 
force of the evidence they contribute—indicate how far-reach¬ 
ing was Claude Bernard's conclusion* that the blood is “an 
internal medium in which anatomical elements live ns do fishes 
in water.” Indeed our own bodies arc but colonies of aquatic 
animals, of unicellular organisms thnt live precisely as do 
unicellular organisms in their primordial habitat, the seas. 
Here these minute cells absorb their food from the surrounding 
medium; they assimilate it and reject their wastes ns do our 
cells in the lymph of the intercellular spaces. Immobilized, 
however, when, as cell-colonies, they constitute organs, they are 
unable to provide for themselves; we have seen how Nature 
meets the needs of this new state of thingB: even in the lowly 
sponge, free amccboid cells, leucocytes, act as food-purveyors— 
the type of the nutritional process (as interpreted from my 
standpoint) in all multicellular organisms, including our own. 
In the lower form the amccboid messengers gather the food¬ 
stuffs from the marine medium; in the higher, they collect 
them from the alimentary canal. But the walls of this identical 
channel, where antecedent living matter is taken up to be car¬ 
ried where it will again assume the living state, are the seat of 
another phenomenon: the absorption of water which, with what 
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salts the food, contains—sodium chloride mainly—serves to 
elaborate the original fluid in which our “anatomical elements 
can live as do fishes in water/* and differing only from that of 
the ocean, as to constituents, in that it courses in canalicular 
systems. 

It would appear as if, gradually as the cells are grouped 
into increasingly complex colonies until an organization such as 
that of man is reached, their chances of life should be cor¬ 
respondingly reduced. Especially does such a conclusion seem 
to impose itself when we realize that long before the higher 
mammals are reached, the preservation of the living state de¬ 
pends upon a multitude of factors; that the structure as a 
whole is disposed into organs having totally different functions, 
secretory, contractile, nervous, etc., which in turn are disposed 
into systems whose functions include chemical processes of 
various kinds, respiratory, digestive, excretory, etc. Yet such 
does not appear to be the case under normal conditions, i.e., 
when the physiological functions of even the higher animal are 
carried on in accord with provisions of Nature. ' The normal 
longevity of the parrot, of the elephant, of man and other ani¬ 
mals attests to this: it affords proof that increased complexity 
does not entail increased vulnerability. The reason for this 
becomes apparent when function is reduced to its simplest ex¬ 
pression in the light of my own views: whenever an exacerbation 
of activity becomes manifest, it is always evoked by an increased 
flow of an oxygen-laden fluid whose physical and chemical prop¬ 
erties are those of the sea, around cells specifically disposed to 
determine the function. Even the nerve-cell with its elon¬ 
gated axis-cylinder, its tufts of dendrites, the minute fibrils 
that connect it with other cells, the neuroglia, etc., (as I inter- 
•pret them) are channels for the adrenoxidase-laden plasma 
analogous, as to its qualitative attributes, to the primordial seas 
—a small cosmos, it is true, but a cosmos nevertheless. 

If a living muscle, a nerve, etc., be immersed, as was done 
by Overton,* in solutions of various salts, a striking fact as¬ 
serts itself, viz., that the neater the composition of sea-water 
is approached, the longer does the organ preserve its functional 
activity. Need we wonder that the effect of saline solution, 
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which, injected into our tissues, meets therein all the other salts 
of sea-water, should, as another editorial writer 10 says, be "little 
short of miraculous?** It is but a bit of the ocean that the 
moribund receives,, but to his cell—marine-cells—it is the one 
medium compatible with life. 


MARINE SALTS AS ACTIVE PARTICIPANTS IN THE 
BODY’S DEFENSIVE FUNCTIONS. 


The defensive properties of all the body fluids, the blood, 
lymph, serum, etc., including the digestive ferments of phago¬ 
cytes, can only be exercised efficiently when the alkalinity of 
these fluids is adequate.* When, owing to the presence of a 
pathogenic substance, a toxin, a poison, toxic wastes, etc., the 
proportion of auto-antitoxin is augmented in the blood,* the 
alkalinity of the latter must increase proportionally; otherwise 
the bacteriolytic and antitoxic action of the antitoxin is in¬ 
hibited* and the defensive process is weakened in proportion. 

The alkalinity of the blood, lymph, etc., is due to the pres¬ 
ence of sodium and potassium phosphates, which are intimately 
associated, and generally referred to as the "alkaline phos¬ 
phates.** Closely associated with these salts are the alkaline 
carbonates (sodium carbonate and bicarbonate, and potassium 
carbonate). They assist the former in giving the blood And 
lymph their alkalinity, but they also enable the plasma to absorb 
carbonic acid from the tissues and to eliminate this gas. After 
fulfilling their functions the alkaline phosphates are excreted in 
the perspiration and urine: about 4.5 gms. (08 grains) being 
eliminated in the latter daily by a normal adult. 

The relationship of the blood’s alkalinity to the defensive functions 
of the body has been urged by several experimenters. Chairin'* gives 
the blood’s alkaline reaction the first place in the immunising processes 
of the body, ft increases leucocytogenesis, and, therefore, the number of 
phagocytes available. LBwy and Richter 1 * noted that the leucocytes 
In cre as e d in number in proportion as the alkalinity became more marked. 
We have seen that trypsin Is the active proteolytic agent in the germi¬ 
cidal and antitoxic substance-—including Buchner’s alexin. Metehni- 
koff* states that alexin "acts only in the presence of salts. When 
relieved of its salts by dialysis, the serum loses its hmnolytie power, 
but as soon as these salts are restored to it, this power reappears. ’ As 
(in the light of my views) these same defensive substances are the active 
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agent* In tissue metabolism, a corresponding relationship between this 
process and the blood’s alkalinity should exist. Gautrelet 14 noted an 
absolute parallelism between metabolism and the alkalinity of the blood, 
nutrition was found low when the alkalescence was low, and vice 
verso, both in man and in the lower animals. The blood’s alkalinity is 
intimately related with the energising agent in auto-antitoxin, namely, 
adrenox; Lise. Thus, while Orlowsky" found that the alkalinity of the 
blood in various diseases is proportionate with the number of red cor¬ 
puscles, declining when these are few and increasing as their number 
Increases (the leucwytoals influencing the alkalinity in no way), 
Mylius'* found that, although the red corpuscles themselves were neutral 
or acid, the blood-plateleta were strongly alkaline. Now, I have shown" 
that these platelets were droplets of odrenoxidase. 

The experimental application of these facts in. infection proves 
their importance. The researches of Behring and Nissan," for example, 
concluded that the resistance of the white rat to anthrax was due to the 
intense alkalinity of its blood. Paul found that when the alkalinity of 
the rabbit’s blood was neutralized, its germicidal power disappeared. 
Calabrese'* found that the alkalinity of the blood increased with the 
degree of immunization, and that the blood reacted against a toxic by 
a steady increase of alkalinity. In comparative experiments in a large 
number of animals, von Foehn * 0 found that their resistance to the 
anthrax, cholera, tubercle and streptococcus inoculations was greatly 
increased when sodium bicarbonate was administered, either subcutane¬ 
ously or orally. 

Sodium Chloride, though a neutral salt, is a most important 
inorganic constituent of the body fluids: Owing to the small- 
ness of its molecules (58.5) and its chemical inertia, it is 
preeminently the salt which maintains the osmotic equilibrium 
between the tissues and the blood. When the supply is inade¬ 
quate, all the functions are hampered, since it is the solvent of 
adrenoxidase* (serum globulin). By holding the latter in so¬ 
lution it insures its free circulation as a constituent of the 
plasma in all vessels down to the minutest capillary networks 
distributed to cellular elements, including those of the nervouB 
system: the axis-cylinders and other neuro-fibrils, the networks 
of neurons, their dendrites, etc.* This also enables the adren- 
oxidase-ladcn* plasma to transude freely through the capillary 
walls in order to reach the tissue-cells, i.e., to carry on the life 
process. The free osmotic properties which the lymph in the 
tissue-spaces also owes to sodium chloride insures another im¬ 
portant function, viz., that of sweeping away by the lymph-cur¬ 
rent of all wastes derived from the cell. 
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The influence of eodium chloride on osmosis ia ao well known that 
evidence to that effect ia not required. The extent to which it enhances 
the efficiency of the protective processes in infection may he illustrated 
by a few examples. Lubomoudrov* 1 found that a saline solution com* 
posed of 0.S per cent, of sodium chloride and 1 per cent, of sodium sul¬ 
phate in distilled water, injected intraperitoneally or subcutaneously, 
caused leucocytosia and increased phagocytosis. They retarded the 
development of typhoid and cholera bacteria, and in some instances 
caused its destruction. Prophylactic injections, given twenty-four hours 
before inoculation, enabled guinea-pigs to resist a dose from two to three 
times as large as that which killed controls. It becomes a question, 
however, which of the two salts mentioned insured these results. It is 
evidently not the sodium sulphate, for sculium and potaanium sulphate, 
though found in practically all the fluids of the body and eliminated at 
the rate of about 4 gms. (00 grains) daily in the urine, are in reality 
but excretory products derived from the oxidation of proteids and other 
organic substances containing sulphur. 

Conversely, a multitude of clinical facts on record—soma of which 
will be submitted later—have shown that sodium chloride in “decinor- 
mal saline solution” produces precisely the effects noted by Lubomou- 
drov." 

Experimental researches point in the same direction. Lesnf and 
Richet, Jr.,* for instance, found that if, after injecting a solution of 
potassium iodide into two dogs, sodium chloride solution was also 
injected in the blood of one of the dogs, toxic phenomena came on in the 
latter only after 1.18 gm. (17 grains) per kilo of animal had been given, 
whereas m the dog deprived of the saline they ap|ieared when 0.32 gm. 
(8 grains) per kilo had been reached. Ercklentx" also found that ani¬ 
mals given fatal doses of a toxic and saved by saline solution, showed 
little pathological trace of the intoxication when killed, while animals 
left to die, t.e., without saline solution, showed marked histological 
alterations. F. J. Bose and V. Vidal,* in fact, ascertained experiment¬ 
ally that the solution of sodium chloride and sodium sulphate, equal 
parts (7 per mille), did not present any difference in results from those 
of the ordinary saline. Their researches imposed the conclusion that 
simple saline solution of the above strength possesses the minimum of 
harmful effects and the maximum of physiologies! effects, and should be 
the solution of choice for massive intravenous injections. 

Therapeutics. —Sodium chloride is a potent adjunct in 
many morbid processes, especially in febrile dinecutes, because it 
maintains the fluidity and circulatory freedom of the auto- 
antitoxin-laden plasma.* It insures the access of the plasmatic 
adrenoxidase to the diseased area and. owing to the thyroidase 
it contains, it sensitizes (as opsonin) the bacteria, detritus, etc., 
thus facilitating their ingestion and destruction by the phago¬ 
cytes.* It also enables these cells, as well as the leucocytes, 
which supply nucleo-proteid granules and trypsin to the plasma. 


• Author's conclusion. 
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to migrate freely to the exposed region and cany on their pro¬ 
tective function efficaciously.* : 

Over one-half ounce of sodium chloride being eliminated 
daily with the urine, the sweat, faeces, etc., the reduced diet and 
the anorexia prevent, especially during febrile diseases, its be¬ 
ing replaced through its normal source, the food.* The body’s 
Bupply becoming inadequate very soon, the protective functions • 
are hampered in proportion as tho deficiency of the salt is 
marked.* This is a fruitful cause of death in all infections .* 

This applies as well to the alkaline salts, the elimination of 
which proceeds at the rate of about 68 grains daily in the urine 
alone. Gradually as their proportion in the blood becomes re¬ 
duced, both the nutrition of the body and the activity of its 
defensive process, plasmatic and cellular, are correspondingly 
inhibited, irrespective of the remedies a dminis tered.* 

In accord with the teachings of physiology, Hutchison* 1 states that 
the considerable increase of alkalinity during the ingestion of food is 

S ynchronous with the appearance of the "alkaline tide in the urine.” 

e explains this alkalinity, at least in part, "by the absorption of alka¬ 
line salts from the food.” The quantify thus eliminated is very large. 
Thus Halliburton" says of sodium chloride (common salt), that "about 
IB gms. (247 grains) are daily excreted in the urine, and smaller quan¬ 
tities in the sweat and faces.” Halliburton also says in this connection 
that "during its passage through the body, it facilitates the absorption 
of proteld food, and increases tissue metabolism.” This applies as well 
to morbid states. Thus, Fornaca and Mieheli" found that the physio¬ 
logical salt solution increased nutrition in convalescents, and tne pro¬ 
portion of red corpuscles. The anorexia and reduced nutrition which 
'aooompany febrile diseases necessarily follow from the well-known fact 
mentioned by IabU* that during digestion the alkalinity decreases, 
while it is lowered during fasting. 

In diseases in which the intake of food is reduced, the pro¬ 
portion of the various salts in the blood should not, as is now 
the case, be taken as guide for the elaboration of artificial sera, 
since the excretion of these salts with, or as, wastes, does not 
correspond with this proportion.* The aim Bhould be to com¬ 
pensate for the salts of which the body is deprived through the 
reduced diet, to enable it to carry on its bacteriolytic and anti¬ 
toxic functions to the best advantage.* To neglect this factor 
in a febrile case is to compromise the issue. 


'iittor'i eoarfuatoa. 
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.. - urged ta 1903“ the importance of supplying the patient in 

all febrile dime nee, from the beginning, the unite he fails to receive owing 
to the reduced diet which his sickness entails, a number of clinicians 
have carried out this plan, as to the sodium chloride, with mar ked 
advantage, as will be shown under “Treatment" of the various dis¬ 
eases in which this measure is indicated. J. B. Todd, of Syracuse, hav¬ 
ing found that saline solutions were as effective when used as beverages, 
as when given subcutaneously or fay enema, while J. Madison Taylor, of 
Philadelphia, found that the ordinary saline solution tablets fulfllled 
the object admirably for the urepatalton of the beverages, there is no 
ground, on the plea of complicated technique, to deprive the patient 
of a measure which in acute fevers is of greater importance than any 
drug. 

On the whole, the proportion of sodium chloride and alka¬ 
line salts to be administered should correspond with the diminu¬ 
tion of nourishment which the disease, in one way or another, 
entails.* If the patient receives in the twenty-four hours one 
quarter of his usual food, the salts given should be three- 
quarters of the quantities excreted, taking into.account size, sex 
and age; if the food-intake is reduced only one-half, but one- 
half of the salts excreted are necessary, etc. The proportions 
would then be as follows:— 


An adult man taking 
ta 34 bourn 

Sodium Chloride 

Sodium Phoephate 

f Food 

60 mains < 


■ 

15 grains (1 gm.) 


190 “ 1 

EMU 


30 “ (Soma.) 

l “ 

180 “ 1 

UBS 

mm 

45 “ (3 “ ) 

0 “ 


iH 

■ 

60 “ (4 « ) 


These salts may be added to the milk, broths, or other bev¬ 
erages and foods. It is most important that the patient should 
drink water freely, especially in febrile processes, to preserve 
the normal specific gravity of the blood and other fluids. This 
serves also to insure a low specific gravity of the urine, not¬ 
withstanding the free elimination of acids and other wastes, thus 
protecting the kidneys. 

When the salts cannot be administered entirely by the 
mouth, they should be given by enema, and, if necessary, sub¬ 
cutaneously or endovenously, injecting in the latter cases the 
fifw* 11 saline solution—approximately one teaspoonful (or more 
exactly, 69 grains) of common salt to one pint of sterilized 
water at not less than 110° F.—and very elowly. It does not 

• Author's con cl usion. 
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itself raise the temperature, as is now taught: it enables the 
blood suddenly to resume, its antitoxic functions, the hyper¬ 
thermia being but an expression of the life-earing process.* 

For hypodermoelysls or intravenous injection the plain saline solu¬ 
tion is the most satisfactory and safest. The of sodium bicar¬ 

bonate, recommended by some, tends to cause local gangrene, as shown 
by Balsh" and others, but this salt may be given advantageously by the 
mouth when there is acidosis. Another salt, sodium sulphate, appears 
in many foreign formula, but, as we have seen, it is a waste-product and 
useless. Calctum, which, according to Howell, Jacques Loeb and others, 
stimulates the heart, is eliminated in such small quantities that it need 
not be replaced. It tends, in fact, to promote the formation of emboli. 
Potassium, as shown by Loeb, Matthews, Fischer and others, prolongs 
cellular life; but a very minute quantity suffice i for this purpose, and 
as milk contains potassium chloride, it supplies the needs of the body. 
The precautions to be observed in injecting saline solution are the fol¬ 
lowing: The solution and apparatus should be sterilised, and the skin 
be thoroughly cleansed at the place of injection. The temperature should 
be 110° to 115* F. The passage of air into the tissues or vessels should 
be avoided. Never more than naif a pint should be injected in one place 
in the cellular tissue. The infusion should be carried out slowly; about 
one ounce a minute can be safely introduced into the veins or the sub¬ 
cutaneous tissue. 


Contraindicationi and Untoward Effects. —The contraindi¬ 
cations are self-evident: if there exists any oedema, pericar¬ 
dial, pulmonary, peritoneal, etc., especially if this is due to 
renal disorder, the addition of a large quantity of fluid «wd a 
marked increase in the osmotic property of all body fluids will 
naturally increase the trouble. When nephritis is present, the 
enhanced metabolic activity which saline solution causes will 
aggravate the renal disorder by increasing the waste-products. 
When the patient is liable to haemorrhages, pulmonary, uterine, 
cerebral, etc., to increase the osmotic properties of the blood will 
augment the danger. In arteriosclerosis, cardiac degeneration, 
etc., they are believed to be dangerous, but evidence to this effect 
is lacking. 


The latter belief ie based on the mistaken theory that the solution 
distends the arteries, but Bollmann B found that intravenously injected 
solutions of sodium and potassium disappeared in great part from the 
circulation per se and passed into the tissues by physiological filtration 
as injected, then out with the urine. Even large quantities failed to 
augment the fluid contents of the vessels. J. B. Brigga* ascertained 
sphygmomanometrically that fc it la useless to infuse wfth any Idea of 
filling up the depleted vessels [in shock]; the water and salt are ex¬ 
creted probably quite as rapidly as they pass into the circulation.” 


■ Author'a eserfiMfoe. 

“ Baish; Dent, med. Woch., Bent 4, IMS. 

" Sollmann: Arch It t. enter. Path. u. Phans.. Bd. xtrt, 
* J. B. Briggs: Johns Hopkins Hasp. Ball., Feb., IMS. 


B. 1. ISM. 



RHNBDIES WHICH ACT ON SPECIAL OROAN8. 1373 

The supposed untoward effects are really not such.* As 
previously stated, the elevation of temperature produced is not 
due to a direct action of the saline solution, as now believed: it 
is due to the fact that the blood is enabled by it to resume its 
bacteriolytic and antitoxic functions, a process which entails 
a rise of temperature.* The rise of vascular tension is but a 
normal outcome of this process, the muscular coat of all ves¬ 
sels and the cardiac muscle itself being also the seat of en¬ 
hanced metabolic activity.* The glycosuria is also but a proof 
that the adrenal system itself is suddenly liberated.* since we 
have seen that adrenal extractives provoke glycosuria. 

REMEDIES USED TO INFLUENCE SPECIAL ORGANS. 

All remedies acting, in the light of my views, through one 
or more nerve-centers, no drug ingested and absorbed from the 
alimentary canal, or administered subcutaneously, intravenously, 
etc., should act specifically upon any one organ without influenc¬ 
ing others in the same way. This fact is emphasised by the 
physiological effects of the drugs analyzed below—which are 
usually referred to as “local remedies/’ 

Purgatives are shown to act in various ways. The first of 
these is by their direct irritating action on the intestinal mucosa, 
which causes its glandular elements and the organs forming part 
of the digestive system to increase their activity reflexly. Here 
the drug is not absorbed, however; it acts precisely as would an 
irritant applied to the conjunctiva. An important feature is 
illustrated in this connection, viz., that the main action of pur¬ 
gatives is to provoke an* increase of auto-antitoxin in the intes¬ 
tinal fluids which tends to asepticize the contents of the canal. 
Tt applies as well to purgatives, such os mercury, which are 
absorbed, since, as we have seen, this metal stimulates power¬ 
fully the adrenal mechanism and enriches all secretions in auto- 
antitoxin. 

Emetics may likewise act as local stimulants, the Irritation 
of the gastric mucosa causing vomiting reflexly, as is well 
known. Others, apomorphine, for instance, are shown to pro¬ 
duce the same effect in another way: they depress markedly the 
sympathetic and vasomotor centers, 'and cause such marked 
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general vasodilation through relaxation of their walla that blood 
enters freely into all glandular elements. Those of the gastric 
mucous membrane, among* others, becoming hypenemic, a con¬ 
dition ai milar to that produced by direct irritants, such as mus¬ 
tard, is awakened, and vomiting occurs. 

Diaphoretics differ from emetics in that they depress the 
sympathetic center only. All arterioles being dilated, an influx 
of blood occurs into all glandular capillaries, including those of 
the sweat-glands. Whereas emetics cause passive hyperemia 
only, diaphoretics cause local increase of function, owing to the 
normal condition of all vessels except the arterioles. The secre¬ 
tory activity of the sudorific glands, among others, is there¬ 
fore markedly raised, and sweating occurs. 

Ozytodcs, of which ergot is the main type, produce their 
effects by stimulating actively the vasomotor center. They thus 
drive a large amount of blood to the various organs, including 
the uterus. The contractile power of the uterine muBcle being 
thus greatly enhanced, it responds with correspondingly greater 
energy to the periodical impulses it receives during parturition. 
The influence of oxytocics on haemorrhage is due to this potent 
constrictor action on the smaller vessels governed by the vaso¬ 
motor center; but the fact that blood is forced peripherally by 
these drugB renders them dangerous for this purpose. 

Diuretics .—These agents are shown to produce their effects 
in various ways. Saline solution, for instance, indirectly en¬ 
hances metabolism through its influence on osmosis. An excess 
of waste-products being produced, the kidneys are caused reflexly 
to increase the excretory activity—a process aided by the excess 
* of water introduced into the blood. Digitalis also causes diure¬ 
sis by increasing metabolism, since we have seen that it stimu¬ 
lates the adrenal mechanism. Mercury, another diuretic,- is also, 
as shown, a powerful adrenal stimulant. These remedies all 
raise indirectly the vascular tension—an active factor in the pro¬ 
duction of diuresis. 


PURGATIVES. 

Physiological Action. —Most purgatives increase the secre¬ 
tory activity of the intestinal glands by causing irritation of the 
intestinal mucosa, i.e., by augmenting reflexly the local blood- 
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supply through the vagus, the strieto-dilator nerve* of the ali¬ 
mentary system. As the intestinal juice, owing to the pres¬ 
ence therein of adrenoxidase (secretin), nucleo-proteid (which 
with adrenoxidase forms enterokinase). and pancreatic juice, 
including trypsin, all of which jointly form auto-antitoxin, the 
physiological purpose of this increase of secretion is evidently a 
protective one, viz., to rid the intestine of an irritating sub¬ 
stance.* If this canal happens to contain pathogenic organ¬ 
isms, toxins or other harmful substance, they Are likewise ex¬ 
posed to the action of the auto-antitoxin in the intestinal juice. 
This is one of the most important functions of the intestinal 
juice, and the therapeutic value of purgatives is mainly due to 
the fact that they accentuate the efficiency of this function.* 


Thiry" found that alight mechanical irritation, an tickling with a 
feather, sufficed to cause an exposed area of the mucosa of the amall 
intestine to secrete. The influence of local irritation is further shown 
by the fact that in herbivora, the large proportion of refuse or residuum 
left in the intestine causes the stools to lie loose, while in carnivora they 
are habitually dense, with a tendency to constipation. Tliiry failed to 
increase the secretory activity of the intestinal mucosa by the local 
application of purgatives, but several other observers have obtained posi¬ 
tive results. In accord with Moreau," Vulpian." for example, found 
that a solution of magnesium sulphate or jalap injected into the small 
intestine caused a local catarrhal congestion with the effusion of much 
fluid, which was found to contain red corpuscles and leucocytes. Lauder 
Brunton" also found that Epsom salt, gamboge, elnterium and croton oil 
stimulated the secretory activity of the small intestine. Manquat" 
states that all the experiments performed to demonstrate that irritation 
was produced could be summarised as follows: when an exposed coil of 
small intestine was ligated in four places a few inches apart, thus form¬ 
ing three segments, the injection of a cathartic substance into one of the 
three caused this segment alone to become filled with liquid. H. C. 
Wood, Hr. and Jr.," state (1900) that “the evidence, both experimental 
and clinical, is indeed overwhelming in favor of increased secretion.” 

That the secretory activity of the intestinal mucosa is dim to nerv¬ 
ous action, and that tne secretory nerve is the vagus, is shown by tha 
fact that U. C. Wood, in 1870, found that division of the vagus on both 
sides, in the neck, prevented the action of purgatives. Vulpian," as a 
result of the experiments recited above, concluded that the increase of 
secretion produced by the local irritation of cathartics was duo to reflex 
action. 

The presence of the various constituents of what I have since termed 
“auto-antitoxin” in the intestinal juice was shown in the fourteenth 
chapter," to which the reader is referred. 
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Another prominent physiological effect of purgatives is to 
increase the peristaltic movements of the intestines, in addi¬ 
tion to their stimulating influence upon the secretory activity of 
the intestinal mucosa. Saline purgatives do not increase intes¬ 
tinal peristalsis, however, when given in therapeutic doses— 
an important practical fact when it becomes necessary to 
asepticize by purgation* and flush the intestinal canal without 
increasing the movements of its walls, as during the onset of 
peritonitis, appendicitis, etc. 

Nothnagel and Rossbach 4 * conclude that "the principal cause of 
purgation Ilea In an increase of the peristaltic movements of the intes¬ 
tine." The experiments of Legroe ana Onimus, 4 * Houckgeest 44 and others 
have shown, however, that this does not apply to saline purgatives. 
Vulpian, in the course of the experiments referred to above, found, in 
fact, that while jalap and other vegetable cathartics increased peris¬ 
talsis, the salines did not. Radxiejeweki" found that purgatives in gen¬ 
eral increased the peristaltic movements of the small and large intestine, 
but that it was mainly by enhancing those of the colon that the alvlne 
dejections were rendered more frequent. Lauder Brunton teaches that 
there can be no doubt as to the fact that purgatives increase both the 
secretory activity and the peristaltic movements of the Intestine. Wood, 
Sr. and Jr., 4 * adduced a number of facts which are, they state, "incom¬ 
patible with any other belief than that purgatives cause both increased 
secretion and increased peristalsis in tne alimentary canal.” Experi¬ 
mental evidence shows clearly, however, that an exception must be made 
as to the salines. 


Mercurial purgatives do not produce their effects through 
either of the two mechanisms described above.* After being 
taken up from the intestinal canal they act as ordinary drugs 
by exciting the test-organ, and through it the adrenal center.* 
By thus increasing the proportion of adrenoxidase in the blood, 
they raise the secretory activity of the pancreas and of the in¬ 
testinal glands by enhancing their intrinsic metabolism.* They 
also augment the proportion of adrenoxidase that traverses the 
liver, this substance appearing in the stools as biliverdin and 
giving them the familiar green color.* Mercurial purgatives 
enhance the bacteriolytic antitoxic properties of the blood (espe¬ 
cially in the liver), besides that of the intestinal canal.* 

The physiological action of mercury was reviewed at length under 
the heading of that drug, to which the reader is referred. We have 
seen that mercury, even when rubbed into the skin, sufficed to provoke 
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TtohmtJr ritoiJ 0 ! 1 of the intestinal mucosa end diarrhoea by inmaaina 
proteolytio property of the blood. This shows that pa? 
5“!*, “Ot,*."** qua non of purgation. Podopbyllotoaln wu 

inmunai nyperamia. Apooodelne, introduced by Uuinard, baa alao been 
found effective aa a cathartic, when given subcutaneously, by Ravlart, 
Hdnae- and others. These, and other agents used in a similar way, 
markedly Irritate the tissues at the site of injection and are used no 
longer. It is probable that all cholagogues act much aa do the mer¬ 
curials, l^y a central action, but no evidence to that effect is available. 


Therapeutios .—Castor oil acts mildly as a stimulant of the 
intestinal mucosa, when therapeutic doses are used, though 
quite active as a purgative. It provokes just enough local hyper- 
a emia to enhance the germicidal and antitoxic activity of the 
intestinal fluids.* Hence* its value in diarrhoea and dysentery 
due to the presence of pathogenic organisms. It is, in fact, 
effective in all mycotic disorders of the alimentary canal, espe¬ 
cially in children. In the bronchial catarrh of infants it is very 
efficacious as revulsive. 

Croton oil, owing to the violence with which it acts, in very 
small quantities, is of great value as a drastic purgative in 
apoplexy, acute mania, anemic coma, etc. By causing a copious 
outpour of intestinal fluid, it relieves the blood-pressure. In 
impacted forces, or intestinal obstruction, the large quantity of 
fluid with which the canal is flushed increases materially the 
chances of recovery. In lead colic it is especially advantageous, 
owing to the rapidity of its action. 

Salines .—These salts include sodium sulphate, magnesium 
sulphate, magnesium citrate, potassium tartrate and bitartratc, 
and potassium and sodium tartrate. Of these the citrate and 
sulphate (Epsom salts) are of especial value in inflammatory 
disorders of the abdomen, peritonitis, enteritis and threatening 
appendicitis, and in many acute fevers, not only because they do 
not cause peristalsis while flushing the bowel, but also owing to 
the intestinal antisepsis they tend to promote.* The purga¬ 
tive mineral waters, Seidlitz, Hunyadi Janos, Friedriehshall, 
Pullna, etc., owe their properties mainly to magnesium sul¬ 
phate. 

Mercurials .—The therapeutic value of mercurials in this 
connection was reviewed in the article on Mercury. 
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The numerous other purgatives at our disposal present 
nothing of special interest in connection with the internal secre¬ 
tions, other than those referred to under "Physiological 
Action.” 


EMETICS. 


Physiological Action. —Certain emetics, such as mustard 
and zinc sulphate, produce their effects by irritating the gastric 
mucosa. Afferent impulses being transmitted to the vagal cen¬ 
ter (in the posterior pituitary Body*), the various muscles, 
gastric and thoracic, which take part in the act, are reflexly 
stimulated, and the irritant is vomited. 

When such emetics as ipecac and apomorphine are em¬ 
ployed, they are absorbed, and produce their effects by depressing 
the functional activity of the sympathetic and vasomotor cen¬ 
ters.* All arterioles and larger arteries being relaxed, the 
glandular elements of the entire body arc passively congested 
and secrete vicariously.* The passive congestion of the gas¬ 
tric mucous membrane being supplemented by a more or less 
great outpouring therein of serous pseudo-secretion,* the same 
process that prevails when irritants are ingested occutb, i.e„ 
the stomach is emptied through reflex vagal action. 


Although empties which are first absorbed, Ipecac, apomorphine, 
etc., appear to influence only the stomach and the muscles that the act 
of vomiting brings into play, such is evidently not the case. Manquat,” 
for instance, states, referring to tartar emetic, “a dose of 0.01 gm. 
(V. grain) causes nausea, a general malaise, salivation, exaggeration 
of the gastro-intestinal secretions, and at the same time sweating and 
exaggeration of the bronchial secretion.”' He states also” that ipecac 
causes prostration, coolness of the skin, salivary hypersecretion, sweat¬ 
ing, “hypersecretion of all the glands of the digestive apparatus (liver, 
pancreas, mucous follicles), this giving rise to a moderate diarrhoea.” 
Even the nasal secretion is increased. Wood 11 states that the vomiting 
caused by apomorphine is accompanied by “excessive secretion from the 
salivary, nasal and lachrymal glands.” It is evident, therefore, that 
emesis is but one of the phenomena awakened by an emetic, and that 
these agents, as do most drugs, produce their effects by acting upon a 
center. Indeed, Wood" distinguishes emesis produced by local irritation 
of the stomach (muefard, sulphate of sine, etc.) from that of "centric” 
origin. Gian uni” found that after the cervical portion of the spinal 
cord had been divided in the dog, tartar emetic failed to produce emesis. 
Foulkrod” obtained the same result with emetln, the active principle of 
ipecac. 


■ Antkor'a roselMfos. 
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i®**. j*J® ™ ett ^ centora, i.c, the Hyinpathetic a nd vasomotor 
©sater^ 1 wh ich a re influenced by this clam of tlrugs, and, moreover, that 

fcjfc theBe C * >n ^ Cn * »* caused, ia shown by the 

faot ^that tee blood-pressure is markedly lowered by ipecac, aa observed 
by Pficholler, Reboul," Podwyaaotski,” l! rennet and Ainblard- «Sd 
oOma, aa well aa fey apoinorphine aa shown by llarnuck" and Reichert." 
rne concomitant hypothermia which occurn under such conditions 
through recession of blood from the surface is likewise present. Thus. 
Kadsiejewski" found that the temperature could drop 0.0 rf (11.8° F.). 

Hayem" observed that in the rabbit 0.005 gm. (V,, grain) brought the 
temperature down 1° C. (1.8° F.) in one hour. Mani}uat states that 
emesis ia usually attended with a fall of 1° C. Aimniorpliine does like¬ 
wise, according to Nothnagel and Ross bach," the temperature declining 
"little by little.” 

The rdle of the vagus os the direct factor in the production of 
ernes I b ia well shown by trio fact that, as stated by Manquat, "the experi¬ 
ments of Chouppe, Polichronie and Dyce Duckworth nave shown that 
emesis does not take place when emetine is injected after division of 
both vagi.” The fact that emesis occurs while the emetic is being elimi¬ 
nated by the gastric membrane (Radxiejewski) being also established, 
we have three sources of irritation of the vugnl sensory terminals in the 
gastric mucosa: passive congestion, the serous secretion, and the*ex- 
creted (and probably chemically transformed) emetic. 

Untoward Effects and Poisoning. —Toxic phenomena may 
be produced by emetics, especially in infanta, feeble and aged 
subjects, the symptoms being those of collapse, with marked 
muscular weakness and a steady lowering of the temperature. 
This is due to increasing paresis of the sympathetic and vaso¬ 
motor centers.* Tn apomorphine poisoning, unconsciousness, 
failing respiration, and profound depression and convulsions 
(due to accumulation of toxic wastes*) are the main symp¬ 
toms, death being due to asphyxia. 

Both the sympathetic and vasomotor centers being depressed, 
accumulation of blood in the great vessels of the splanchnic area occurs. 
This Is shown by the fact, "attested by Plcholier, Dyce Duckworth ami 
d’Ornellos, that in emetine poisoning, although there Is a distinct fall 
of temperature in the mouth and on the surface of the body, in the 
intestine the temperature remains stationary, or more commonly rises.” 
Wood" also states that “Dyce Duckworth especially noted Intense hyper- 
snnia of the lungs, which were in some places emphysematous, but In 
other portions collapsed"—the typical j native hyperemia of sympathetic 
paralysis. The recession of blood from the periphery produced by large 
doses is also well shown fay Wood’s additional statement that Magemuc 
and d’Ornellas had "also seen cases in which Ischemia of the pulmonary 
tissue was found after death.” 
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There le considerable analogy between the action of emetice — 
described above, and that of hypnotics, previously submitted. Tartar 
emetic and other emetics have long been known to po s s es s ^opsziuc prop¬ 
erties. C. J. Douglas" has shown recently that this applied also to 
apomorphine. 

Therapeutics. —Ipecac aa an emetic is given to adults in 80- 
grain (1.3 gm.) doses, repeated at intervals of twenty minutes 
if necessary. In children 5-grain (0.3 gm.) doses suffice. 
Its action is aided by drinking lukewarm water freely. The 
value of ipecac in dysentery is accounted for by the fact that 
by enhancing vicariously the activity of all glands, including 
the pancreas and intestinal glands, it increases the sterilizing 
properties of the succus entericus.* This serves not only to 
destroy pathogenic organisms that may be present, but also to 
has te n the resolution of lesions of the mucosa—a process fur¬ 
ther aided by the local hyperasmia awakened. In hemoptysis 
it acts very favorably by diminishing general blood-pressure,* 
even when given in Bmall doses. In chronic bronchitis, the same 
mechanism and the fact that it increases the secretory activity 
of the bronchial mucosa rendero it particularly effective where 
the secretion is viscid and raised with difficulty, notwithstand¬ 
ing hard and exhausting paroxysms of cough. 

Apomorphine as an emetic may be given hypodermically to 
adults in Vio grain (0.006 gm.) doses at fifteen minutes inter¬ 
val until vomiting occurs, reducing the dose in weak or aged 
subjects. It may be given in larger doses by the mouth. In a 
child of eighteen monthB */ M grain (0.0013 gm.) and in one of 
eight years */*» grain (0.0026 gm.) Buffice. In the cough of bron¬ 
chitis it is of marked value in small doses, repeated every three 
hours, to increase the bronchial secretion and hasten the process 
of resolution. In hysteria* it is of great value to counteract 
the muscular rigidity by relaxing the arterioles.* The hyper- 
semia of the central nervous system being also relieved,* the 
patient falls into a refreshing sleep. 

DIAPHORETICS. 

Physiological Action.—The physiological action of dia¬ 
phoretics is well exemplified by jaborandi and its alkaloid, pilo¬ 
carpine. 
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These agents produce sweating by depressing markedly the 
sympathetic center.* The diaphoresis represents only, however, 
an epiphenomenon of the effects of jaborandi, all glands being 
affected in the same manner as the sweat-glands.* The de¬ 
pression of the sympathetic center, by cansing dilation of the 
arterioles of all these organs, causes functional hypcnvmia 
of their capillaries;* hence the increase of secretory activity. 
Hence also* the flushing of the face, the salivation, lacliryniii- 
tion and, in some instances, the diarrhoea and vomiting 
observed. 


That sweating is but one of the phenomena of a drug which affect* 
all glande as well as the sweat-glands is sustained by considerable evi¬ 
dence. Thus, Txistovitch" ascertained experimentally that pilocarpine 
stimulates gastric secretion, and that the gastric juice appears early in 
proportion as the dose is large. Edkins" and Masloff" found that pilo¬ 
carpine administered caused intestinal secretion. Heidenhain** found 
that it caused intense secretory activity in the crypts of the colon. This 
applies to the muscular coat as well. Morat 7 * and others have found 
that it caused very active peristalsis in experimental animals. Bayliss 
and Starling" note that pilocarpine increased the pancreatic secretion, 
the latter being rich and thick. Tn all cases the gland seemed to tire 
rapidly and to become insusceptible to the drug. Lauder Hrunton and 
DelSpine™ found that pilocarpine stimulated glandular activity of the 
liver-cells. It increases the functional activity not only of the sweat- 
glands, but also of all cutaneous glands. Tims, ]suigley n observed that 
m the frog the skin became covered with a thick, viscid secretion. 

That these phenomena arc due to depression of the sympathetic 
center is suggested not only by the facial hyperemia, but also by the 
nausea and vomiting which, as I have shown, are due partly to sympa¬ 
thetic depression. Even the average dose may cause these symptoms. 
Thus, H. C. Wood, 1 * 4 referring to the effects of a therapeutic dose of the 
infusion of jaborandi, states that “there is not rarely nausea, and some¬ 
times vomiting,” of "large quantities of glairy mucus” he adds elsewhere 
in his text. Again, the increased functional activity of various organs 
provoked points in tills direction. Horbacsewski,™ for instance, found that 
pilocarpine produced, in man, a leucocytosis, and a proportionate increase 
in the uric acid excretion, a fact which shows that general metabolism 
is increased. Again, Murrell observed that in the frog, V» groin (0.003 
gm.) of pilocarpine gave rise to a marked increase of reflex activity 
and convulsion—phenomena which point to excessive hyperemia of the 
skin and central nervous system. Even the nerves are hyperamic. 
C. R. Marshall,’* in the course of experiments with pilocarpine, noted 
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that it increased the sensitiveness of the vagus to electrical stimulation. 
Finally, that it is bv causing dilation of the arterioles that pilocarpine 
causes sweating is shown by tne fact, demonstrated by Langley" in 1875 
and confirmed since by many observers, that absolute antagonism exists 
between this drug and atropine. Now, as I have shown, atropine con- 
ttriote the arterioles. 

The peripheral hyperemia is augmented through the fact 
that the arterioles of the adrenals are relaxed, as are those of 
all other glands, and that the increase of adrenal secretion pro¬ 
duced causes general vasoconstriction, the blood being driven 
towards the periphery, the skin.* 

The prevailing belief that pilocarpine increases the activity of all 
the glands of the fcdy, including those of the skin, by acting directly 
upon them, is, to say the least, inpgicsl when we consider that ‘/, to V« 
grain (0.008 to 0.010 gm.) will produce marked effects. The only proof 
of any weight, the fact that Luchsinger," and subsequently Nawrocki, 
found that amshm of the nerves of a cat’s leg did not prevent the paws 
from sweating when jaborandi was injected into the animal, fails when 
analysed from my standpoint. All the vessels of the leg being dilated 
by the section of the vasomotor nerves, any general rise of the blood- 
pressure would cause a flood of blood to invade these dilated vessels 
and the sweat-glands, and provoke sweating. Now, Wood, alluding to 
Reichert’s" experiments, states that "immediately after the injection of 
the alkaloid [pilocarpine] into the jugular vein the arterial pressure 
falls, but in a few moments the characteristic phenomena of a slow pulse 
with increased arterial pressure come on.” It becolhes a question, now- 
eve r, as to how this rise of pressure is produced, but we have the solu¬ 
tion of this problem in the fact that A. Pettits found the adrenals 
greatly congested and swollen in experimental animals poisoned with 
jaborandi. As this means hyperactivity of these glands, and as the 
adrenal secretion raises the blood-pressure, not through the vasomotor 
center, but, as I have shown, by enhancing me abolic activity in the 
muscularis of all vessels the cause of the rise of blood-pressure is self- 
evident. 

Untoward Effects and Acute Poisoning. —The symptoms 
which follow a toxic dose include the following: copious sweat¬ 
ing, vertigo, marked salivation, rhinonhoea, vomiting, diarrhoea, 
strangling, dimness of vision, myopia, more or less marked car¬ 
diac oppression and metrorrhagia—all due to what amounts to 
paralysis of the arterioles.* Sudden death has also been pro¬ 
duced by a small dose (Vs gram—0.021 gm.) pilocarpine 
given hypodermically. As it is the sympathetic center which 
is depressed by this drug,* it should be given with especial care 
in debilitated and aged subjects. 
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lAnpbear* recommends caution In the use of pilocarpine. Its con¬ 
tinued nee may also give rise to papulo-exudative dermatoam. Tims, in 
* •* observed by Uallopeau ana Vlellinrd," tho histological examina¬ 
tion revealed an inflammatory exudate about the excretory ducts of the 
sweat-glands. 

Therapeutics. — Jaborandi and Pilocarpine. —The latter 
drug is to be preferred, since it is less likely to provoke vomit¬ 
ing. It has been found of value in anemia, chronic Hrighl’s din- 
ease and dropsical conditions ; the Ixmcfit is due to the lower¬ 
ing of the blood-pressure which general dilation of arterioles 
insures,* and to the increased elimination of fluids and retained 
excrementitious wastes. It is of use in erysipelas , owing to 
the fact that the cutaneous hypenemiu menus the presence in 
the affected area of an increased volume of auto-antitoxin.* 
Chronic eczema, and other cutaneous disorders, especially those 
due to deficient secretion of the sweat-glands, arc also improved 
by pilocarpine. In ophthalmic disorders associated with intra¬ 
ocular pressure, it is also valuable, owing to the general lower¬ 
ing of the blood-pressure it insures.* In orchitis it tends, 
through the same process.* to relieve the intense pain. 

Sweet Spirit of Nitre. —This agent, an alcoholic solution 
of amyl nitrite, acts, as does pilocarpine, by depressing the 
sympathetic. It is milder, however, and acts l>oth as diuretic 
and diaphoretic. It is considerably used in febrile disorders of 
children when excitement, startings, etc., occur. Hy lowering 
Blightly the blood-pressure it controls these phenomena.* 

OXYTOCICS. 

(Ergot, Hydrastis, Hydrastininc.) 

Physiological Action. — Ergot in ordinary doses causes 
contraction of the uterus by augmenting the blood-supply of its 
walls*—a condition due primarily to the fact that it excites 
directly the vasomotor center. All the arteries of the body 
.(with the exception of the arterioles, which are governed by 
the sympathetic center*) being constricted, the blood is driven 
into the smaller vessels and capillaries of all organs, including 
the uterine muscle. The contractile power of this muscle being 
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proportionate, aa in all organa, with the activity ot its intrinsic 
metabolism, its aenaitivenem to the reflex motor impulses which 
the uterus receives periodically during parturition is corres¬ 
pondingly enhanced.* 

Aa stated by Manquat," “it la generally admitted that ergot haa a 
vasoconstrictor action upon the vessels; this opinion reeta upon a large 
number of experiments.” Holme** 4 obaerred the constriction of the 
arteriee in the and in the albino rabbit, marked mhi<« of the eara 
of this animal being noted. A rise of the general blood-preaaure (pre¬ 
ceded bw a short period of depression) -was also obtained experimentally 
hy KOhler," Eberfy," H. C. Wood," Kobert and by Jacobi. Wood," who 
refers to these experiments, states that “the rise m pressure, which' is to 
be regarded aa the characteristic effect of ergot upon the circulation, is 
due to a constriction of the blood-vesaela,” and that “Holmes, Weraich," 
Vogt," Keraoh," Schuller" and Brieaemann" assert that they have seen 
iwwsrfeblv diminution in the caliber of the arteries under the influence 
of ergot.’’ 

The more recent experiments point in the seme direction. 
Plunder" found that the intravenous injection of the fluid extract of 
ergot produces in the dog a marked elevation of the blood-pressure in 
the pulmonary artery. M. H. Dale" observed “a stimulant constrictor 
effect upon certain organs composed of plain or unstriated muscle-fibers, 
among which are the arteries, the uterus and the sphincter of the iris.” 
The 300 painstaking experiments of Sollmann and Brown," which seem 
to controvert all this evidence, are unfortunately of no value. They 
overlooked the fact that the anesthetic they administered to their dogs, 
ether, caused a very marked rise of pressure, and that the ergot could 
not raise it beyond this level. Hence their erroneous conclusion that 
“there is no evidence of strong vasoconstriction.” The slowing of the 
pulse is readily accounted for fcy the increased resistance of the blood- 
column to the cardiac contractions, produced by the general vasocon¬ 
striction. 

That the rise of blood-preerure is due to a centric action was shown 
experimentally by J. C. Hemmeter," who found that, the rise did not 
occur when the spinal cord was severed, and, in accord with Weraich," 
that after this operation ergot could no longer provoke uterine contrac¬ 
tions. 

Full therapeutic doees of ergot cause Buch marked con¬ 
striction of the arteries that the lumen of the smaller vessels' 
becomes sufficiently narrowed to interfere with the circulation.* 
The blood-stream being slowed in the arterioles and capillaries, 
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the opposite condition to that described above is produced, vis., 
ischsania of the organs which these small, vessels supply.* The 
peripheral temperature is then reduced and the patient com¬ 
plains of cold—a danger signal which indicates that an excess of 
the drug is being administered.* 

Before I had realized this fact, I caused complete—though tem¬ 
porary—inertia of the uterus by the use of excessive doses in a case 
requiring prompt delivery. I blamed the ergot at the time. Wood" 
states iu the lower animals the symptoms of intoxication “are mainly 
paralytic, and that the only ones which arc in any sense characteristic 
an the aiueatheaia and the coldness of the surface. As this coldness of 
the surface has been noted in various women in whom the drug has 
p miAii fatal abortion, it is probably characteristic of the poisoning.” 
Ringer and Sainsbury 1 " found that ergotln slowed markedly the rate of 
flow through the arterioles. Hemmeter 1 " noted that in poisoning the 
temperature sometimes fell more than 2° C. (3.0° F.) in human beings 
and ff° C. (0° F.) in animals. 

Untoward Effect* end Poisoning. —The earlier effects of 
— ergot-poisoning are due to the great accumulation of blood in 
the peripheral vessels, which a large dose of the drug provokes 
by violently stimulating the vasomotor center,* viz., formica¬ 
tion, tingling, giddiness, delirium, flushing, purpura, tinnitus, 
dilation of the pupil, colic, spasmodic contractions of the mus¬ 
cles, opisthotonos or emprosthotonos, and even cpipleptic con¬ 
vulsions. The constriction of the vessels increasing rapidly, this 
hyperemia is soon replaced by ischemia* of the tissues: the 
skin then assumes an earthy hue, the surface becomes cold, 
there is great muscular weakness and fatigue, and numbness 
particularly of the extremities, nausea, vomiting, and the respir¬ 
ation is labored. More or less suddenly collapse occurs, due to 
hyperconstriction of the cardiac coronaries* and of the arteries 
of the anterior pituitary and thyroid.* The pulse then becomes 
very rapid and weak, the blood-pressure falls rapidly and death 
follows. 

In chronic ergotism, which does not occur in this country, 
all these symptoms may develop gradually, but here another 
typical symptom of excessive constriction of the arteries occurs, 
vix., dry gangrene, beginning at one of the extremities, espe¬ 
cially the toes, or the nose, lips and ear. 
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The explanation! submitted of these various symptoms an self* 
evident when the vasoconstrictor action of the drug is t a ken Into amount. 
Wood*** states that “ergotic gangrene can readily be produoed in the. 
comb a«d tongue of chickens” ana "von Recklinghausen asserts that the 
essential lesions in these cases are hyaline thrombi in the arterioles and 
capillaries*’—an obvious proof that it is not these two kinds of vessels 
that are hj j jrconstricted, but the arteries behind them. Again, Wood 
states that "by toxic doses the rapidity of the heart’s action is increased, 
and, according to Boreiseha, galvanisation of the par vagum has at this 
time little or no effect upon the pulse.” The cause of this is also quite 
plain when interpreted from my viewpoint: the coronaries are already 
so constricted that stimulation of tne vagi can contract no farther. 
Hence the cardiac arrest. 

Therapeutios. —In the light of the above facta, a very small 
dose of ergot (10 minims of the fluid extract) is alone effica¬ 
cious in the uterine inertia of parturition. Such a dose has also 
the advantage of avoiding tetanic contraction of the uterus, a 
condition which tends to cause retention of the placenta. Ergot 
is bIbo useful in post-partum haemorrhage; here a full dose may 
he given, and it may lie administered hypodermically to obtain , 
more rapid results. It has been used to prevent haemorrhage 
from the lungs, stomach, intestines, etc., but the marked rise of 
hlood-prcssurc it provokes before causing sufficient contraction 
to arrest the flow renders it a dangerous remedy in these con¬ 
ditions. In uterine haemorrhage due to the presence of fibroids 
or other neoplasms, however, it has given excellent results, and 
tends to cause shrinking of the growth when given in full doses. 
Tn chronic dysentery and chronic diarrhoea ergot sometimes 
proves curative by causing hypenemia of the small and large 
intestine and hastening resolution. It is of value also in 
adynamic depression, melancholia and neuropathies in which 
hypochondria is a prominent symptom, the benefit being due 
to the increased volume of blood which the cerebro-spinal sys- * 
tem receives.* 

DRUGS WHICH RESEMBLE ERGOT TN THEIR PHYSIOLOGICAL 

ACTION. 

Hydrastis. —The physiological action of hydrastis and of 
its alkaloid hydrastine is similar to that of ergot. It stimu¬ 
lates the vasomotor center less violently, however, and its action 
in therapeutic doses is limited to the stage of hypenemia of all 
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organs, including the mucous membranes.* It has been used 
advantageously, therefore, in various disorders of the latter, via., 
chronic gastro-tntestinal catarrh, chronic rhinitis, otorrhen, 
dysmenorrhaa, chronic vaginitis, gonorrhoea, etc. 

Hydrastinine, an alkaloid obtained by the oxidation of 
hydrastine, has been employed with considerable success in 
uterine hemorrhages, menorrhagia, and metrorrhagia, being 
more active than hydrostis or hydrastine ns a vasoconstrictor. It 
is also useful in the same disorders or hydrant is, especially 
dysmenorrheea. 

DIURETICS. 

The diuretics most used at the present time are drugs 
which have been treated in full in the preceding pages. Their 
property as such need alone be referred to. 

Saline solution has been thought to net as an “luemocathar- 
tic,” the excrementitious products of tissue and other wastes, 
detritus, etc., being, it was believed, simply washed out of the 
blood by the excess of water introduced therein. T have shown 
in the earlier portion of this chapter that the process is really 
a nobler one. so to any, and that the introduction of saline so¬ 
lution into the organism enhances greatly the efficiency of the 
body's auto-protective processes. The proteolytic activity of 
the auto-antitoxin l>cing greatly augmented,* there is soon 
thrown into the lymphatic channels an unusual quantity of 
products of catabolism which must be eliminated, partly by the 
urine. A prominent cause of diuresis is now present, via., re¬ 
flex stimulation of the secreto-inotor center (located in the pos¬ 
terior pituitary) which governs renal action.* The kidneys are 
thus activated and a freer flow of urine follows—carrying along 
with it the excess of wastes. We need not inject a quart of 
saline solution to produce this effect; much smaller quantities 
will evoke it; but if at least a pint is employed the action will 
be greatly facilitated, since the orgnnism promptly rids itself 
of the fluids that are useless to it. Plain water is an excellent 
diuretic for this reason, as is well known. 

Digitalis. —When the infusion is used the fluid aids the pro¬ 
cess, and, as suggested by Huchard, it is probable that the min- 


• Author"* comrtmtlom. 



1888 INTERNAL SECRETIONS IN PHARMACODYNAMICS. 

eral salts the leaves contain contribute somewhat to its diuretic 
effects. Diuresis may be obtained with digitalin, however, a 
fact which shows that the drug is itself active in this connec¬ 
tion. Its mode of action becomes plain, in view of its main 
general property, that of a potent stimulant of the adrenal 
center.* As this stimulates metabolism in all tissues, we have 
again an unusual production of tissue-wastes and the same cen¬ 
tral excitation (reflex) of the renal functions that saline solu¬ 
tion affords,* though caused iii a different way. Of material 
aid to the process is the increased vascular tension which the 
drug causes by activating indirectly metabolism in the muscu¬ 
lar coat of all arteries.* A rise of blood-pressure is a recog¬ 
nized cause of diuresis. Digitalis is especially efficient in car¬ 
diac dropsy—a result readily accounted for by the above- 
described physiological action. 

Squill acts much as does digitalis, including its action on 
the cardiac muscle, the arteries and general metabolism in¬ 
duced by a stimulating action on the adrenal center through 
the test-organ.* In large doses it stimulates the kidneys vio¬ 
lently, causing sometimes hrcmaturia. It is used in dropsy, 
pleural and pericardial effusions and the cardiac dropsy, but any 
form of nephritis is a contraindication to its use. 

Calomel.—We have seen that this salt is an active diuretic 
also by enhancing general metabolism, thus causing rapidly an 
excess of waste-products in the blood.* When its use is pro¬ 
longed it is also capable of causing grave renal disorders, in¬ 
cluding hemorrhagic nephritis. It is very efficient in cardiac 
dropsy , however, and in anuria of asthenic origin in which the 
blood-pressure is low. 
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•THE INTERNAL SECRETIONS IN THEIR RELATIONS 
TO PATHOGENESIS AND THERAPEUTICS. 


CANCER. 


Time has also sustained views submitted nearly two decades 
ago in the present work. In the first edition (which appeared in 
January, 1903) I wrote: 1 “Certain growths, particularly the 
more malignant forms, sarcoma and carcinoma, seem closely 
connected with adrenal insufficiency and its normal consequences. 
We have seen that trypsin, fibrinogen |a nuclco-proteid com¬ 
pound] and the oxidising substance were simultaneously neces¬ 
sary to insure the destruction of cells in vitro, and furthermore, 
that this process required, in addition, the presence of alkaline 
salts. That tho destruction of worn-out or degenerated cells is 
a function of these very elements in the blood, is evident. In¬ 
sufficiency of the adrenals, therefore, by reducing the relative 
proportion of these four constituents in the blood-stream, must 
correspondingly inhibit this physiological process in all parts of 
the organism.” Thus, any region “may become the scat of this 
malignant growth, or rather of a local accumulation of the 
aberrant or worn-out cells which enter into its formation. The 
great vascularity of these growths suggests an effort of Nature 
to cause their elimination, but mitotic proliferation » alone 
induced, the blood being deficient in the four constituents which 
should insure destruction of the morbid cellular elements.” 

I pointed out also in this connection, in the same volume,* 
and under the caption “The Internal Secretions in their Rela¬ 
tion to Immunity,” that these “four constituents” were “the 
active immunizing agents of the organism,” end that they owed 
their immunizing properties “to trypsin.” 

Over two years after I had done so, the close relationship 
between immunity and cancer was emphasized by several invests- 
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gators: in this country by Gaylord, Cloves, and Baedack;" in 
Germany by Ehrlich, 4 Schdne, 1 Sticker/ and others. The re- 
gftftmhwi of the Imperial Cancer Besearch Fund investigators for 
1906,1907, and 1911 T have shown, moreover, that a high degree 
of resistance to the transplantation of cancer in mice could be 
obtained. But curiously enough, this did not prevent the spon¬ 
taneous development of cancer in these animals This from my 
viewpoint is due to the fact tiliat the rdle of the endocrines in 
metabolism and immune chemistry has been persistently dis¬ 
regarded. 

Naam6, of Tunis 1 haa recently reported cases of superficial 
epithelioma in aged subjects cured by organotherapy—thyroid 
gland and ovarian extracts in women and thyroid gland and 
testicular extracts in men. He attributed the disease to dyB- 
harmony between cell production and cytolysis, the indication 
being substances which promote growth—a need which the endo¬ 
crines supply. As will be shown in the following pages both 
the factor and deficient defensive efficiency of the endocrines 
constituted the pathogenesis I have urged many years, with 
organotherapy, as Balient indication—undoubtedly the lines will 
ultimately lead to mastery of this dread disease. 

Definition. —Cancer is primarily due to hypoaetivity of the 
body's auto-protectivo mechanism, the result, in turn, in a large 
proportion of cases, of prem&turo senility. It is a vicarious 
over-growth of tissue-cells which the defensive agencies, leuco¬ 
cytic and humoral, should have destroyed in its incipience, ie., 
when bnt a nidus of proliferating cells formed as a result of 
local irritation by traumatisms, inflammatory foci, parasites, 
moles, warts, etc. The defensive agents, phagocytes and auto¬ 
antitoxin, being those which, under normal conditions, cany on 
general nutrition, they are able only, owing to their insufficiency, 
to nourish the tumor and promote its development.* 


Thic definition differs radically from time previously adduced 
fay others, but the need of new linee of thought in this connection is 
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amplwalMd by the labors of the Imperial Caneer Research Fund Invmti- 
phm, whose director, Dr. E. F. Suhford, wrote : 1 "In our investiga¬ 
tions we have obtained evidence against all the explanations yet advanced 
as tp the cause and nature of cancer," and, moreover, that "at present 
any attempts to directly ascertain the cause and nature of cancer are 
surrounded by so xnanv sources of fallacy that,” in hi* opinion, "they 
remain today as unprofitable as they have been in the past." 

Symptoms.—The symptoms of cancer differ according to 
their location. The typical phenomena of the disease are in 
reality only witnessed when some external organ, the skin, the 
mammary gland, etc., is affected; while all the internal cancers 
soon provoke, in addition, morbid effects due to any interference 
with physiological functions which their presence entails. 
Common to all cases, however, is the terminal phase of the dis¬ 
ease, i.s., the cancerous cachexia, which consists of more or less 
rapid emaciation, anaemia and muscular weakness, the precur¬ 
sors of final exhaustion. 

A brief survey of the leading aymptoma can alone be given in 
thia connection, and the reader is referred to special wurkit for greater 
detail. In fact, the symptomatology would have been omitted were it 
not that the reader would have to consult works on dermatology, mir- 
geiy, practice and apeeiai works on cancer to obtain even the present 
brief rtaumC of the various organa referred to. The division Into "ex¬ 
ternal" and “internal” cancers renders it impossible to illustrate the spe¬ 
cific a ympto ma of the disease, those of cutaneous cancers, and, therefore, 
to differentiate them from those due to Interference with functions. 

External Cancers. — Sl-in .—The starting point of car¬ 
cinoma of the akin or mucous membrane may lie an excrescence 
of long standing, such as a pigmented mole, an ordinary mole, 
a senile wart, or cutaneous disorders, a fissure or abraded area 
of the lip, a psoriatic or scaly sebaceous patch, an adenoma, a 
nodule, a scar, etc. Without apparent cause, but occasionally 
after irritation or injury, any of these apparently benign cellular 
aggregates begin to grow. They ulcerate at the lutac, mainly at 
the expense of the cutaneous structures, until finally the typical 
epitheliomatous ulcer is formed, *.*., irregular in shape, with 
raised e vert ed edges. The bottom of the ulcer is very uneven 
and covered with a foetid sanioua secretion, and bleeds readily 
when touched. It may aaaume various shapes; hence the 
“cauliflower” and other appearances. In most cases pain only 
coiffcff on late, the discomfort being due to the ulceration. 


When it appears it is of i lancinating dmicte end may become 
very severe. The duration of cutaneous carcinoma' varies 
greatly-—from lew then four yean to deoadea. A favorite site 
ii tiie lover Up; other regions frequently affected axe the face, 
breast, genitalia, rectum, etc. 

Cutanaoua aarcoma is usually secondary, but it may de¬ 
velop primarily from a pigmented nnvus or other cutaneous 
excrescence, especially when irritated. Sarcomata develop and 
multiply, break down and provoke metastases more rapidly *hn 
carcinomata, and death may occur within a few months, thnmg h 
in most cases life is prolonged a few years. The form that de¬ 
velops from nsBvi may retain its color, and merely grow and 
ulcerate, or it may become bluish or black, sessile, oval or 
spherical and haTd; after growing for a while it ceases to do 
so, but others develop in other regions. AU finally break down, 
forming melanotic ulcers which s o c ro t o a black mh a famna and 
some pus. Death usually occurs from intestinal metastasis. 
Sarcoma may also appear as a diffused path or patches, beginning 
from minute brownish or purplish nodes, which become infil¬ 
trated and project, the skin being glossy and irregular. Various 
other rarer forms have been described, all embodying more or 
less prominently the characters Just described. 

Mammary Gland .—Two forms of occur in th« or¬ 

gan, the scirrhous, hard or fibrous cancer; and the enoephaloid, 
or soft, cancer. In acirrhom cancer, the organ may preserve its 
form though becoming large and hard, the growth being deep- 
seated, or it may collapse or atrophy, the nipple being ret ra cted, 
the so-called “withering” form. Again, a part at the breast 
alone may be affected, fibrous bands radiating through it and 
centring distortion of the organ. Conversely, it may be super¬ 
ficial at first, in patches or jdaquea, the appearing aa 
though tanned, hard, rough and red. This may extend to the 
adjoining cutaneous tissues of the chest, the eo-called “en 
cuirasse” cancer. The malignant growth may appear in the 
form of small, hard nodules of irregular else which may remain 
as they are if left alone, or-ulcerate, and which promptly recur 
if removed. Ulceration may also ooour when the growth Is dif¬ 
fused, the ulcer resembling a enter with hard, everted oflgm, 
which bleeds easily and givee off a thin, offensive dJsehar)^ 
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3!l« Mfltey glands are involved early, and as they enlarge may 
causa codeias of the arm or neuralgia by preasing upon the Tea¬ 
sels and nerves. -The entire lymphatic sys tem is exposed to 
conta min a tion ; hence the visceral meta a t aaea often witnessed. ' 
After the tumor has readied a certain aue, stinging, burning 
or neuralgic pains are complained of. As the ulcerative pro¬ 
cess advances, the toxmmia and cachexia do likewise, until the 
patient dies exhausted. Bncephaloid cancer is not as fre¬ 
quently observed as the scirrhous form. It grows insidiously in 
the depth of the organ and finally reaches the akin. By gentle 
palpation, the tumor may be detected early in moat instanoes; 
it may be fixed or movable, or nodular. At first, the ricin is 
$ee, or traversed by prominent bluish veins, some of which may 
become varicose; red areas then appear—the precursors of 
adhesions with the cancerous mass. This soon becomes a fluctu¬ 
ating mass which ulcerates, becomes fungous, bleeds readily 
when touched, and gives off a foul odor. Cachexia appears 
earlier than in scirrhous cancer, and the bunting, shooting pains 
and involvement of the lymphatics likewise. The softness of 
the growth predisposes it to haemorrhages which are sometimes 
severe. Death occurs, as in scirrhous, from exhaustion. 

Intebnax. Canoehs. — Tongue .—The anterior portion of 
this organ is the usual seat of cancer, which begins, as a rale, 
-in a small fissure, nicer or nodule on the side or edge, often 
where a sharp tooth, the stem of a pipe, a badly-fitting tooth- 
plate, etc., has for a time caused irritation. Psoriasis, scars, 
leucoma, cicatrices due to injury or syphilis, may likewise be¬ 
come the starting-point of a lingual epithelioma. When any 
one of theae lesions becomes malignant, it soon assumes the 
aspect of a more or leas deep and irregular ulcer with prominent 
edges, while the neighboring tissues, including often the floor 
of the mouth and gums, become infiltrated. Both the ulcera¬ 
tion and infiltration may then extend posteriorly and involve 
the pillara of the fauces, the soft palate, the tonsils, etc. Thera 
ia profuae salivation and the breath becomes extremely foetid. 
The neighboring lymphatic glande become involved sooner or 
later, the prompt involvement denoting an unfavorable case. 
Gradually, deglutition and speech become difficult and starva¬ 
tion. soon causes marked emaciation and waalmeaa a condition 
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'greatly aggravated when the ulceration invades arteriea and 
camei hemorrhages. After a year or two of interne Buffering* 
death ocean from exhaustion. 

Larynx. —Hoarseness, dyspnoea and cough and pain are 
early signs of cancer of the larynx. The pain is usually quite 
seven and lancinating, generally radiates toward the ear, and is 
sometimes especially marked during deglutition. Ulceration 
has usually'begun when such is the case. Laxyngoscopic exam¬ 
ination often shows, at first, enlargement of one cord, then con¬ 
gestion of a restricted area which finally ulcerates. This be¬ 
comes fungous and necrotic, and secretes a foetid, unions liquid 
whioh gives the breath and the sputa a foul odor. Ulceration of 
a large artery may cause profuse hemorrhage, sufficient in 
some in s t an ces to compromise the patient’s life; asphyxia by 
the entrance of food particles in the diseased larynx, and pneu¬ 
monia from aspiration of detritus from the malignant m a ss, are 
additional dangers of cancer in this region. The general health 
is soon undermined owing to deficient nutrition, and the patient 
lapses into the cachectic state, dying of- general marasmus. 

tEsophagus. —Dysphagia, pain, and finally regurgitation of 
food and fluids are the characteristic symptoms of cancer in +>»■ 
region. As the morbid' process advances the neighboring organs, 
the larynx, bronchi, pericardium, mediutinum, lymphatic 
glands, etc., may be involved either by ulceration or pressure,' 
causing suffocation, bronchitis, inhalation pnoumonia or other 
complications. Ulceration of the aorta or one of its branches 
may also occur and cause fatal hemorrhage. As a rule, however, 
starvation, owing to the oesophageal obstruction, and exhaustion 
are the causes of death. 

Stomach .—Pain in the epigastrium is present in practically 
all cases; but it is often preceded by a period of dyspepsia, 
sometimes attended with vomiting. In others the gastric dis¬ 
orders may be slight or absent, the main signs being those of 
pernicious anaemia, with intense pallor. Progressive emaciation 
is a constant feature of the disease, and is accompanied by mofe 
or less asthenia. When the cancer is situated near the cardie, 
•fpasm of the oesophagus and dysphagia may occur. Fever is 
present in about one-half of the cases, and may reach 104* F. 
(40° C.); in some cases the febrile process is continuouaf 
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Glycosuria and indioanuria are comtaonly observed, peptonuria, 
sometimes. Death results occasionally from diabetic 
(Edema of the ankles appears in the majority of *wm and, in 
same instances, general anasarca supervenes. Hsmatemesis is 
observed, in about one-fourth of the cases, the material vomited 
being always brown or black, the “coffee-ground” vomit. The 
tumor, when it haa attained a certain size, can often be dis¬ 
cerned both by inspection and palpation; the mass rises and 
descends daring respiration—a sign especially marked in cancer 
of the pylorus. 

Pancreas .—The earlier symptoms arc gastro-intestinal, 
indigestion and dull paroxysmal pain in the epigastrium, nau¬ 
sea, vomiting or diarrhoea, flatulence, the stools being greasj 
and day-colored. Marked jaundice, due to obstruction of the 
bile-duct when the head of the pancreas is involved, ascita 
Htid diabetes are sometimes observed. In some cases a tumoi 
may be felt in the pancreatic region, which differs from that of 
of the gall-bladder, in that it is fixed. A distinct pulsa¬ 
tion may be felt in the organ when the emadation is sufficiently 
marked, owing to the fact that the growth lies directly upon the 
a pending aorta. Prominent features of cancer of the pan¬ 
creas are a rapid loss of strength and emaciation, soon followed 
by cachexia. 

Liver .—Progressive enlargement of the organ, discernible 
on palpation, when sufficiently advanced, with pain and tender¬ 
ness are the most common symptoms, espcdally if the growth is 
not far from the surface. Gastric disorders are frequently com¬ 
plained of. In about one-half of the cases, jaundico and ascites 
occur, accompanied in some instances by purpura, though tlio 
latter may appear in all cases, causing death frequently within 
three months. 

Gall-bladder .—Cancer of this organ is almost always due 
to irritation by gall-stones. A Arm, hard, irregular mass can 
often be detected at the site of the organ, which moves with 
the liver during deep respiration. There is more or less local 
tenderness mi pressure, and severe paroxysmal—though some- 
timm continuous—pain. When the bile-ducts are involved, 
n>«»fad and persistent jaundice appears. The stools may be 
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bloody and dropsy may occur, the latter being a feature of the 
cachetic stage. 

Intestine .—The symptoms vary according to the position 
of the growth. Irregular attacks of acute colicky pains from 
two to five hours after a meal, according to the location' of the 
tumor, nausea, vomiting, chronic constipation, with diarrhoea 
and meteorism, are almost always present, jaundice being super* 
added if the ducts of the gall-bladder are involved. When the 
intestinal obstruction is marked, the stools may assume a char¬ 
acteristic shape, t.e. # very small masses or lumps. The tumor 
may sometimes be detected by palpation through the abdominal 
walls, especially when the patient's muscles are relaxed by 
great weakness and when he has become greatly emaciated. 

Peritoneum .—An uncomfortable sensation, with perhaps 
pain, in the abdomen followed by ascites, emaciation, and weak¬ 
ness are about all the symptoms observed at first. Differential 
diagnosis alone affords some clue to the nature of the disease:, 
the age of the patient excludes tuberculosis of the peritoneum, 
which occurs in young subjects; the absence of fremitus dis¬ 
tinguishes it from echinocoecic cysts, another disorder which it 
greatly resembles. The neighboring organs, including the 
uterus, ovarieB and rectum, should be examined in view of the 
fact that cancer of the peritoneum is often secondary. The 
inguinal glands are often enlarged. The tumor is discerned 
with difficulty owing to the ascites, but it can usually be felt after 
paracentesis. The vessels of the malignant mass sometimes 
rupture, causing severe hemorrhage and aggravating the 
cachexia. 

Uterus .—If the growth begins while the woman is still 
menstruating, intermenstrual spotting and a Borons discharge are 
likely to appear. The presence of such signs after menopause 
is also significant. The slight discharges gradually become 
more frequent and abundant, and finally emit an unpleasant 
odor, the factor becoming very marked when necrotic tissue is 
present. Fain does not occur until the morbid process is well 
advanced, and is due to involvement of the neighboring tissues 
and their nerves; at first it is apt to radiate into the iliac 
region and hip, but involvement of the bladder, rectum and 
peritoneum gives rise to the characteristic pains that attend 
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inflammation of these organs. Examination of the uterus 
should be practiced as soon as possible, to confirm the suspicions 
awakened by the general phenomena. Intense anannia, general 
weakness, and the symptoms of the cachectic period finally ap¬ 
pear, though death is often due to uraemia. 

Rectum .—Uneasiness in the sacral region and along the 
inner side of the thighs, which after prolonged exertion mar 
become actual pain radiating towards the rectum, are usually 
the earliest symptomq complained of. Morning diarrhoea, the 
discharge being watery, differing as to odor from the usual 
liquids voided, and often tinged with blood, is then observed, 
though this be interrupted by periods of constipation. When 
the stools are formed, they may be ribbon-like when the growth 
is low down. Local pain, which occurs late and is severe, espe¬ 
cially during defecation, if the growth is near the anus, eventu¬ 
ally becomes continuous. Haemorrhages may then appear and 
become more frequent when ulceration occurs, thus aggravat¬ 
ing what general debility may be present. The lymphatic glands 
of,the region, pelvic and lumbar, are often enlarged and the liver 
also in some instances. The body gradually wastes and finally 
lapses into the characteristic cachetic state. 

Pathogenesis and Pathology.—Advanced age is the pre¬ 
dominating predisposing cause of cancer, but since the disease 
does not occur in all aged individuals, an additional predisposing 
factor is necessary. This factor may be said to include all mor¬ 
bid influences, inherited or acquired, which tend further to de¬ 
bilitate the organism. Although cancer is witnessed among the 
poor and ill-fed, and its development may follow exhausting toil, 
great anxiety, prolonged illness and other debilitating condi¬ 
tions, it occurs at least as frequently among subjects who have 
not been exposed to similar untoward influences, the well- 
to-do and well-fed, and even the over-fed. In all these, how¬ 
ever, inherited vulnerability to disease, which means inadequate 
activity of the auto-protective mechanism—the adrenal system 
—may none the less be present, and when advanced age is 
reached, the organism is unusually vulnerable to disease among the 
rich and poor alike.* In the over-fed, the wear and tear imposed 
upon the digestive apparatus, the excessive stimulation of the 
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organs which supply the digestive ferment*, and the overload¬ 
ing of the lymph and blood with more or less perfectly catabo- 
]j gf ^ waste-products, gradually undermine all physiological 
functions, thus affording the accessory factor which with senility 
predisposes any part of the body, any organ, to the development 
of cancer.* 

Bashford," alluding to results reached in the Imperial Cancer 
Research Fund laboratories, states that “the association, of cancer with 
old age Is the only factor known to be constantly associated and inti¬ 
mately bound up with the, processes responsible for the development of 
cancer in man and animals/’ He also calls attention to the fact that 
"cancer has the further remarkable common feature that In animals it 
haa the same higher incidence in old age, and therefore the same relation 
to the duration of life as in man." Freund,'* after a comprehensive 
study of the etiology of cancer, concludes that senilism le the pri mary 
etiological factor, but moreover, that it could be premature and even 
localised as well as generalised. This accounts for the occurrence of 
aanoer at times in younger subjects—a fact which the British Research 
Commission has also elucidated recently, Its labors having shown, ac¬ 
cording to Sir William Church,** that cancer in the young occurs for the 
moat part "In tissues and organs which lose their functional activity in 
early life, and normally undergo degeneration and more or leu absorp¬ 
tion." 

The presence of an additional predisposing cause la shown by 
the relationship of cancer with tuberculosis—nrst pointed out by 
Krauss, In 1832. Thus, Roger Williams 1 * states that “no hereditary 
condition is more favorable to the development of cancer than that which 

J irediepoeu to and accompanies tubercle.” Moak u reported five cases 
n which carcinoma and tuberculosis were present In the same organ. 
H. R. Jones" found that In England and Wales, a high percentage of 
phthisical persons had a cancerous family history, and the age period at 
which the mortality of tuberculosis reached its senith, 35 to 48 years, co¬ 
incided with the period at which the cancer death-rate began to increase. 
In Ireland 1 * a collective investigation by the registrar-general showed 
that In many cases cancer occurs In the same family; grandparents, 
parents and other relatives,- and that ths family likewise shows a pre¬ 
disposition to tuberculosis. Ulosely related to this feature of the 
problem is the observation of Roger Williams, 1 * that in multicellular 
animals and plants^umora rarely oecur when these organisms live in a 
state of Nature, and that they are met with almost exclusively among 
domesticated varieties, especially thou that have been kept long In con¬ 
finement. 

In a careful analytical study of the twelfth United Statu census, 
Guthrie McConnell" found, moreover, that those employed In hard out¬ 
door work showed a higher cancer mortality than thou of sedentary 
habits, while Freund" witnessed a number of examples In which a 
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ehnmie, though mild, gastric disorder became a rapidly fatal wnr 
after iiiwatm worry or overwo rk . Finally, Jonathan Hutchinson - refer* 
to twain oawa of cancer which had developed in subjects who had bean 
lmin under the influence of arsenic, and ascribes the tendency of ehlm* 
ney-sweeps to the large proportion of arsenic in certain coala We have 
nan arsenic is the physiological antagonist of thyroid extract, and 
that It dep resses the functional activity of the adrenal system and, 
therefore, uiat of all vital processes. Robert Bell® writes: “That the 
thyroid has an important relationship to the incidence of cancer Is 
borne oat by the feet that in cancer subject* it la invariably found 
to he more or less atrophied, hence it is necessary to supplement the 
measures recommended, by the administration of either 
thyroid aland substance or its active principles. By those means we have 
reason to hope the gland may recover its lost power and thus be enabled 
to resume its physiological activity, which ia quite within the range of 

P ° - * l, ®hS r ’prediipoeing influence of over-eating la 

portanoe attaohedtothe gouty diathesis, long ago. by £«™=h *J, ,n j£SS!fc 
Ruin Bouchard* and otnera, and more recently hy Felix and Robert 
Beir’and Vigouronx." Rabagliati - Roger Williams and 
likewise incriminate exceeeof nutritive material in general. That the 
predisposition to cancer is a mult of the excessive ingestion of *°®djI 
Shmrnbv the fact that the age incidence of cancer aueraeds that of gout. 
IbM is ntat ii by Basin, “the gouty end up cs|**eially with canj»r, 
£5ttaltarly byranrar the rectum and bladder." It is ™ «pr«wlo,,, 

te 'IS&ffiZzSSSS'JSfiZSZ&St *-p '•«- -»™» 

growth localised t 

A cancer develops from a preexisting aggregate of adventi¬ 
tious cells* whether the latter constitute a mole, n nievus, a 
wart a fibroma, etc., or patches of ecxcina, psoriasis, paraffin 
acne, cicatricial tisane, etc., or an ulcer, fistula or other lesion 
of the skin or mucous membranes, or whether it occur as a result 
of localised and chronic inflammation in the deeper or internal 
organs. As long sb the nutrition of any one of these local cell- 
aggregates is adequately controlled by its artennl blood, it 
retains its benign character;* when, however, a debilitated 
of the organism, such as that brought about by seni i y 
or any of the other predisposing conditions just 
vails, it develops a malignant growth. The morbid process 
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which entails this result is as follows: the vascular centers, 
vasomotor and sympathetic, along with the rest of the organism^ 
become functionally depressed; as this causes relaxation of all 
arteries, including the cutaneous arterioles, the adventitious 
cell-aggregate receives an excess of blood (a process encour¬ 
aged by the reflex influence of the sensory terminals it con¬ 
tains and which multiply with the tumor), and if the passive 
hyperaemia or congestion is sufficiently marked, it begins to 
grow, if already a defined tumor, or it assumes the characters 
of a tumor if merely a patch of abnormal cells.* In the case 
of moles, nrovi, warts and other superficial conditions, trau¬ 
matisms, scratching, friction of clothing, blows, etc., are 
sufficient to initiate such a process in the same clmw of subjects, 
by greatly aggravating a local hypenemia which might not 
otherwise have become sufficiently active to provoke develop¬ 
ment into a malignant tumor.* 


Importance attached by many clinicians in recent years, as 
shown hy the papers of Eve," Wilson and Kalteyer" Bloodgeod," Keen" 
and other*, to the removal of warta, mole*, pigmented navi and kindred 
cutaneous excrescences lest they besoms malignant, harmonises with 
these conclusions. Indeed, Eve found that out of 33 cases of melano- 
wreoma, T8 per cent, began in pigmented moles, while Wilson and 
Kalteyer found that, out of 31 eases of cancer collected by them, 89 
per cent, had their origin In a mole or iubvus. Moreover, the well-known 
corresponding effects of prolonged irritation of limited anas by broken 
teeth, the pipe, scars, paraffin acne, lingual psoriasis, etc., sufficiently 
emphasise the pathogenic influence of localised processes. Bergmaun," 
In met, asserts that carcinoma of the extremities do es not occur without 
some cutaneous lesion, scar, fistula, ulcer, eesema, wart or mole as a 
precursor. Suggestive in this connection Is the observation of Leo Loeb," 
that in cattle the most frequent place for the occurrence of carcinoma is 
the inner canthus of tee eye—a region greatly exposed to irritation and 
injury by twigs, struwtips and tee like, while such animals an feeding. 
In an extensive study of osneer In the domestic animals. Sticker* 
found that in the horse tee nose was commonly diseased, an organ con¬ 
siderably exposed to scratches and other traumatisms in the manger. 

This applies likewise, in a certain sense, to cancer of tee stmmml,, in¬ 
testines, rectum, kidneys, bladder, gall-bladder and uterus. All these or¬ 
gana are exposed to the chemical and physical action of Any abnormal con¬ 
stituent present in the substances passed through them—products of im¬ 
perfect digestion In the alimentary canal, toxic wastes In tee hepatle and 
urinary systems and in the uterine discharges, eto. Manieealoo," by re¬ 
peated chemical and mechanical irritation of the exposed gastric mucosa 
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aauaad pnrtkiwkU p mat idlll the fntamof rnnar. 
L as mad, that etnwir of tin bladder awl rectum foMowed 


ooaanuL as rated, that c a ncer of the bladder and rectum foUowei muti 
ttpa proftonged excretion of poi s onous waete-produete obviously stands 
hen aa local Irritant. Title affords alao an example of the manner In 
whioh c h e i n l u a l eubatancea in the blood, a ocret lona and exeretlona, can 
predispose a restricted territory of tleaue-celle to cancer, fay provoking 
therein the proliferation of new cells, atypical in the eenae that, aa 
inflammatory products, they are adventitious, and therefore, like warts, 
moles, and the like, menacing excrescences. 

The functional relationship be t ween the abnormal cell-aggregates 
and the nervous system Is readily demonstrable even In such apparently 
fnnotkmkcc structures as a mole, a tucvus, and the like, so prone, ns 
stated above, to became malignant. Wilfred 8. Fox,** In an exhaustive 
paper, remarks that "this connection b etween moles and the cutaneous 
nerve-supply fo not surprising when one considers the intimate develop¬ 
mental relation between the skin and the nervous system.” Foldau" 
traced nerve-fibers In these structures, while Bergmann" -states that mul- 


aud sarcomata, found distinct axis-cylinders sometimes In considerable 
numbers. In no less than five growths, i.c., cancers of the breast, cervix 
and tibia. 

Aa to the rflle of the vasomotor nerves—which govern nutrition— 
G. T^nfJia.1 Cheatle 41 pointed out that a proportion of cases of cancer 
allowed a "marked relationship between the spread of the primary focup 
and tiie distribution of nerves and trophic areas" and adduced a large 
number of nr—, convincingly illustrating the dose relationship between 
the initial lesion of cancer (frequently a mole) and points at which 
nerves become cutaneous, including the maximum pain points of Head." 
Although most of the cases related arc not—in the light of my views— 
truly cancerous (bring Instances of rodent ulcer due to deficient nutri¬ 
tion of tiie cutaneous elements, and not of growth* dim to oremutrition 
of these elements) the fact remains that they clearly sustain Chcatle’s 
opinion that trophic nerves are concerned in the morbid process. 

The influence of senility, the urie add diathesis and other predis¬ 
posing conditions have already been reviewed. That this should entail 
depression of the vascular nerve-centers, and, therefore, general vasodila¬ 
tion and passive congestion of any moles or other excrescences present, 
fo self-evident. The effects of injury on these small growths are now 
thoroughly recognised. Thus W. w. Keen" writes that "all such growths 
are exposed to traumatism, such as blows, friction of the clothing, 
scratching on account of the Itching, or in many cases on account of 
the presence of a little scab—and who can and does resist the tempta¬ 
tion to scratch off these scabsT" .... "In consequence of such Injury 


or repeated and long-continued Irritation—or in other eeses without 
any assignable cause—they begin to Increase In sloe. This sudden ac¬ 
tivity and increase in das usually does not occur for months nr more 
likely vears; It may be thirty or fifty years, or even more, after the 
mole or wart was lint noticed. The moment they begin to Increase In 
■*—, they are, I believe, almost invariably malignant growths. 

All this (apart from the trsumstisms, which probably act as ex- 
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dtlng ckum of cancer of the breast and bones) Is as applieable to tbs 
pathogenesis of internal eanears, the passive vasomotor l^fnamk being 
sufficient here to start the process of growth In a restricted ana, the 
uterine os, for instance, which has beco me the seat of a local predis¬ 
posing disorder, a chronic catarrhal process, cicatricial tissue Inciden t 
upon parturition, etc., any condition, in fact. Involving localised cell 
proliferation. 

At flret, the process of growth is localized, in the sense 
that the body at largo does not participate in it. When, how¬ 
ever, the tumor has reached a certain size, its presence becomes 
a menace. Its structure differing from that of normal tissues in 
that the channels for the elimination of broken-down cells, 
waste-products, etc., are cither absent or very imperfect, it 
becomes, in respect to the body at large, a source of auto-intoxi¬ 
cation. This evokes a general febrile reaction similar, in a 
measure, to that provoked by a subcutaneous abscess. The 
adrenal system being stimulated, the blood soon becomes sup¬ 
plied with an excess of auto-antitoxin, the constituents of which 
permeate the growth as they do all other organs during fever.* 

The development of the tumor is thus intimately merged 
with the immunizing process.* There is excessive oxygeniza- 
tion, owing to the overproduction of adrenoxidase and, there¬ 
fore, of trypsin and nudeo-proteid.* There is also an abun¬ 
dant leucocytosis, the cells serving not only to supply the fluids 
of the growth, the trypsin and the nucleo-proteid found in it, 
but also to insure active phagocytosis.* 

The general reaction !■ sufficient In some cases to provoke fever— 
which occurs only when the adrenal system is violently stimulated. 
Fretel** observed a rise of temperature In the absence of any complica¬ 
tion, especially In cancers of Tabid evolution. Freudweller, 4 * at the Insti¬ 
gation of Kicnhorst, studied tne clinical histories of 475 cases of car¬ 
cinoma, and found that the temperature exceeded 38® C. (100® F.) In 
no less than 117, although all cases In whleh some complication existed 
were excluded. Even the central phenomena of a febrile process are 
pr e sent. De Buck and Van drr Linden 4 ® found the tendon reflex invari¬ 
ably exaggerated, while Klippel" noted a marked hyperexdtahility of tbo 
muscles, contraction being produced very readily by percussion. 

The three constituents of the "functional triad” whloh constitute 
the active agencies of the febrile process, the auto-antltoxln, have 
been found In the growths themselves, thus nroving that they taka part 
in this process. 

Tne p r es en ce of tuirenomidtue In these growths is shown by the 
characteristic tests. Thus, Hugounenq and Fsviot, 4 ® la soft malignant 
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jP****” reaction, but *l» the intones 
vloM of the penpheqyleiie-diamiiie test Moreover, boiling of the eu- 
eer frsjgnent deetroyed thb epecifle property, which «u not marked 
ft 8 po«ee of growth wee most active. They character!* ea 
oxidisin g dbstaae the “soluble ferment" to which they eacrlbe theee 
iceult^ end compere the letter to those of Bertrend end Bourauelot, 
referred to in the thirteenth chapter of this work. The pnaenoe of 
frypciit in cuueroue growths is no leu evident Stewart" found e high 
peroentageof trypein In eecondery growth of the liver end lung in e cam 
of pencreetio ceneer. This suggests direct metastasis, but we have seen 
*j“t trypein is prewnt in all wlls, as shown by the researches of Hedln, 
Cohnheim, Opie and others. Blumenthal," moreover, found a correspond¬ 
ing enzyme in enneer cells, not epeciflo to cancer cells alone, but capable 
of attacking all tissues. The third constituent, the nvclco-protad, b 
likewise present in n|I tissues, as already chown. That leucocytes 
(which secrete this substance in the form of granules) are present in 
large numbers, b well known. Thus, Herbert Know" pointed out twelve 
years a go that every variety of malignant growth exhibits from ita 
earliest Initiation, an extremely copious immigration of leucocytes, which 
steadily inc r eas es. Bushnell** found that this sometimes reached as high 
aa 82,580. Snow noted, however, that this fmcoryfont was restricted 
to the normal tissues immediately bordering the cancerous parenchyma. 



although these investigators were not aware of their functions. The 
granules took acid aniline dyes readily, did not become blade under 
oamic add, etc., the characteristic teats. They were of course observed 
in nlrs corpus specimens, and therefore under abnormal conditions. 
During life, however, they dissolve in the blood, end, with the adrenoxi- 
dase and trypein, form the “digestive triad" or auto-antitoxin, distributed 
throughout the growth itself. 


The tumor is supplied with the elements for its develop¬ 
ment, i.e., the nucloo-proteids out of which its tissues are nour¬ 
ished by the leucocytes.* These cells, as previously shown, 
ingest food-products and cntcrokinaso—which contains trypsin 
—in the intestinal canal and convert them into granulations 
which they carry to the lymphatie spaces and deal out to the 
tissue-cells.* The chromatin of the latter, which undergoes 
atypical mitosis and other transformations, was also shown to 
be derived from the leucocytic granulations.* 

Baxhford," referring to various hypotheses upon the mode of origin 
and nature of cancer, stated that "they fall to show how the actual cell 
multiplication b maintained." In truth, it ie upon this print that they 
have all'collapsed. 
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Freueh inmtlgabm long ago obarad that the leucocytes e xe rted 
a fructifying Influence upon eeneer cells, enuring them to multiply." 


The 


in which they do so, however, haa never 


explsmsd. 


The direct partiripathm of the leucocytes outlined In the tart affords 
this explanation. I n deed, aa I have pointed out, these cells are the 
actual builders of living tissue. This implies that the mitotia figures 
observed In cancerous messes, and now regarded as reproductive arils, 
are really nothing but t h ose common to ordinary cells. Including leuco¬ 
cytes. Bashford wrote recently j" "During the past year a paper has 
own communicated to the Royal Society, showing that the nuclear figures 
In ca ne e r cells, believed to indicate toe occurrence of a true *redudng 
division,' are in reality of the ordinary type. Dr. Murray and myself 
have invariably denied that the presence of cell-divisions insnnil ding 
tnoss of reproductive tissue were a means of distinguishing benign from 
malignant new growths.** 

This accounts for another paradoxical feet emphasised by toe Royal 
Canoer Resea r ch Fund investigators, namely, that, aa stated by Bash- 
ford," "the influence of age is active in relation to too origin of cancerous 
growth, and not In relation to ita continuation; for canoer can be propa¬ 
gated almost better in young than in old animals.” As I have stated, 
age stands merely aa a predisposing factor, while the general vasodila¬ 
tion which it engenders and toe febrile process, fay flooding the tumor 
with nutritional elements, are the eaueee underlying its gro w t h. As 
young animals are better able to promote a vigorous febrile reaction 
than old ones, toe process of growth la all the more active. 

Again, “malignancy,” if these processes actually prevail, should 
merely mean excessive tissue-growth. The labors of the isitl Canoer 
Research Investigators also sustain this conclusion. Bashford” remarks 
In this connection: "What is understood by the malignancy of a tumor 
Is but a manifestation of toe power of growth: a conclusion to which 
Ehrlich and Apolant have recently given confirmation.” The Cancer 
R es earch Commission also confirmed Jensen’s conclusion that toe growth 
of artificially propagated cancer was due to the continued proliferation 
of the parenchyma cells—a logical outcome, I may odd, with the leuco¬ 
cytes aa the normal purveyors of nutriment to the normal parenchyma. 


There are, of course, several varieties of carcinoma: (1) 
epithelioma, consulting of surface epithelium, which includes 
two kinds: the squamous of the skin and mucous membrane of 
the lips, oesophagus, and cervix uteri, etc.; and the cylindrical 
or columnar of the gastric, intestinal and uterine raucous mem¬ 
branes ; (8) the granular, consisting of acini or alveoli in layers 
—and which may become fibrous, the scirrhous form—and grow¬ 
ing mainly in the pylorus, mammary gland, pancreas, kidneys, 
ovaries and testicles; (3) colloid or gelatinous, consisting of 
transparent, jelly-like masses, containing degenerated tissues 
and epithelial cells, and met with in the ovaries, stomach, intes¬ 
tine, peritoneum, and mammary gland; and (4) deciduoma 
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malignum of the placenta,* consisting of fcetal epithelial cella 
(syncytium) and of different cells of the chorion villi. 

Several varieties of sarcoma are also described: (1) 
epindle-celled sarcoma, which occurs in the connective tissue of 
bones, tendons, fescue, and occasionally in the soft tissues; (2) 
round-colled sarcoma, often permeated with large blood-vessels, 
and more malignant than the former, is itself divided into two 
varieties: lymphosarcoma, which occurs in the lymphatic glands 
and the lymphadenoid tissues of mucous membranes, and alveolar 
sarcoma, which contains also spindle-cells, acini filled with large, 
routed cells and fibrous tissue, and is notable because it com¬ 
monly develops from cutaneous moles, nsevi and warts, and from 
lymphatic glands and serous membranes; (3) angiosarcoma (a 
very malignant growth), which starts in the external coat or 
adventitia of blood-vessels, is usually very vascular—thus ex¬ 
posing them to rupture and provoking hemorrhage—likewise 
grows, as a rule, on the skin and particularly from pigmented 
warts and moles, and also in the eye and the pia-mater; (4) 
giant-celled sarcoma, a relatively benign growth, which usually 
occurs in bone or bone-marrow (hence often called osteo- or 
myelo-sarcoma), the large multinudear cells of which resemble 
the myelo-plaques of bone. 

The difference between all these varieties depends upon the 
histological composition of the structures which form the tumor. 
At first, all the tissues composing the affected area are involved 
in the hypertrophic process; eventually, however, the epithe¬ 
lium in carcinoma or the connective tissue in sarcoma grows 
with greater rapidity than all the other local structures and 
soon constitutes the bulk of the tumor. The development of sar¬ 
coma coincides, however, with the maximum energy developed. 
i.e., with the most active local accumulation of nutrient leuco¬ 
cytes of the energising agents, adrenoxidase and nuclein, 
which this phenomenon entails.* 

All the various varieties of cancer enumerated are sscrib- 
able to the same cause: a primary focus of proliferation-cells 
due to local (active or passive) irritation, which eventually pro¬ 
vokes marked local congestion and excessive nutrition.* Im¬ 
portant in this connection, however, is the fact that this local 
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hyperemia and accumulation of all JJie constituents of the blood 
which usually provoke inflammation do not initiate the latter 
in cancerous growths.* The local congestion, leucocytosis, etc., 
are associated with a process distinct from that of in flamm ation 
though linked with it, t.e., the process of tissue repair.* Were 
it otherwise, the tumor would not grow; it would be destroyed, 
and as will be shown, it is by provoking active inflammation in 
the growth itself that cancer can be mastered.* 

Hut Investigators, Including Israel, 1 * now ascribe to relative over* 
activity, tne proliferation of epithelial cells over all others, with per¬ 
sistent excitation as a primary cause. Even in the giant-celled sar¬ 
coma, though situated in oesenus tissues, this exciting cause prevails. 
Ziegler maintains, writes Stengel," referring to this variety of growth, 
"that the presence of giant-cells does not form an essential characteristic 
of a peculiar type of tumor, but that it is accidental, resulting from 
continued irritation." The result of this irritation also manifests itself 
by overnutrition in sarcoma. Thus, H. W. Cattell" states that “it is at 
times impossible from microscopical study alone to tell a sarcoma from 
granulating tissue." 

It is now generally conceded that at first all the elements at the 
tissue involved are more or less urged to grow as shown by Sohuchardt." 
In the early stage of cutaneous epithelioma, he observed that "not 
merely the epithelium, but all the tissues of the skin, the connective 
tissue as well, show hypertrophic changes," though "later, the over¬ 
growth of iffthellal cells outruns and overshadows that of the other 
tissues." 

That sarcoma, in which the connective tissue predominates, is but 
an advanced stage of the carcinomatous stage, was recently observed by 
Apolant and Ehrlich," in the course of Inoculation experiments in mice. 
The carcinomatous type was traced up to the sixth generation. By the 
tenth a change had occurred: the tumor was a mixed one, a sarcomatous 
stroma predominating. By the fourteenth, no carcinomatous tissue re¬ 
mained. They refer to a similar transition in man, observed by Schmorl, 
a ease of epithelioma of the thyroid. After removal, the tumor, which 
recurred locally, was a mixed carcinoma and sarcoma. A second removal 
being followed by death from metastasis, all the growths examined 
were found to be pure spindle-celled sarcomata. Hansemann" has en¬ 
countered carcinomata with sarcomatous stroma, and refers to t we n ty 
cases in literature. Apolant and Ehrlich did not always obtain such 
prompt transitions, however. In some Instances the mixed growth was 
only reached in the sixty-eighth generation; then followed a violent 
reaction, during which tne tumor became a pure sarcoma. So great 
was this "energy of growth" that In the course of a few weeks, in some 
instances, the tumor was larger than the mouse itself. They state that 
at the p r e s e n t time no explanation is available for this phenomenon, 
though they suggest that the development may be due "to chemical 
changes in the carcinoma cells and gradual stimulation of the eonnee- 
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tin tissue cells." Whst belter and more solidly grounded explanation 
con there be vouchsafed then one of which off the elements of growth 
ere aotually present in Urn tumor, es we here seen, end which alone een 
aooount for the violent “energy of growth” to which they refer? We 
ere thus brought to consider overnutrition as the underlying cause of all 
t y pe s of malignant growths. 

All malignant tumors being the outcome of a localised 
overdevelopment of cells initiated by irritation of the area in* 
volved, any agent capable of provoking the appropriate type 
of irritation can cause a cancer. As various parasites, including 
bacteria, have, in the hands of the upholders of the parasitic 
theory, provoked the formation, local and remote, of cancerous 
growths, there may be classes among these appropriate irritants.* 
Moreover, as the growths developed through inoculations and 
implantations present the morphological organisation of sporadic 
cancers, those provoked by the upholders of parasitic theories are 
true cancers.* It cannot be said, however, that cancer is a para¬ 
sitic disease, since all malignant growths can be caused by vari¬ 
ous factors, intrinsic and extrinsic, which irritate the tissues, 
irrespective of any parasite.* 

.The multiplicity of these factors also accounts for the epi¬ 
demics of cancer, its repeated occurrence in certain houses or 
districts, and for the cases of direct contamination on record, 
since the presence of any of the appropriate irritants in these 
houses or districts or on the contaminating surface, whether 
this be normal or the seat of malignant growth (both frag¬ 
ments and fluids therefrom being effective inoculative agents), 
is sufficient to start a malignant process in predisposed tissues.* 
A tissue being predisposed to malignancy when it is the seat of 
adventitious cells in an aged or debilitated subject, an ulcerated 
surface, however small, on the lips, tongue, oesophagus, uterus, 
etc., may become a vulnerable spot if it happens to become inocu¬ 
lated when any one of the cancerogenic factors happens to be¬ 
come implanted therein.* 

Merged In with the tlmnee of the tumor and imprisoned among 
them are eella which have been taken by many Investigators as the 
specific cause of cancer. Corail, - Fab re Domergue ana others have 
shown that tee many cellular and nuclear elements present could readily 
be taken for parasites. The nuclei, which are rich in chromatin, soon 
become fimbriated, knobbed, sometimes raiematous, and finally achro¬ 
matic, ■—n«efng at the same time most varied shapes and appearances. 
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Councilman" also found that pa rail tea to which aped fie prppertiea had 
been attributed, were present in many morbid processes-other thaw 
canaer. In accord with this observation, Borrsl" pointed out that the 
sporoaoa associated with tiseue-proliferation in sheep-rot, variola, bovine 
pest and other dis ea s e s, corresponded with the detritus of worn-out 
leucocytes. Borrmann** recently showed, moreover, that none of the 
so-called parasites are found in very email, young cancers, thus elimin¬ 
ating them as a cause. Transplantation experiments are as conclusive. 
Jensen,' 1 * for instance, made transplantations in 844 mice obtained 
successful results in about 00 per cent. Although aell inclusions were 
undoubtedly present and the tumors grew until the wifaw died of cach¬ 
exia, he never observed parasites, and experimental Invari¬ 

ably gave negative results. This has been confirmed, according to Bash- 
ford," in the Royal Research laboratories, where at least 80,000 trans¬ 
plantation experiments were performed. Referring to researches con¬ 
ducted under the same auspices. Sir William Church' 1 states "huge 
numbers of healthy mice have been kept for king periods in the 


in the 



Con gres s , in reference to the specificity of microbes and other par—ifr — 
In cancer: “Searching criticisms from different reliable sources have 
disarmed all such claims." 

Nevertheless, the fact remains that many investigators. Wtimln a 
with Mo ran, in 1880, Sanfelloe, 1 * Roswell Park," Sty lord," Doyenj" 
Sticker, 1 * Viseher,** Schmidt,* 1 and many others, have obtained by inocu¬ 
lation growths resembling cancers to such a degree that microscopical 
examination was necessary to determine their identity. In the light of 
my views, as defined above, the repor ts of the opponents of the parasitic 
theory Indicate that these growths were true cancers. “By the Investi¬ 
gators themselves," writes Laxarus-Barlow,* 1 “they have been regarded 
as ‘epithelial,' 'malignant,’ etc., but by opponents of the paraaitlo theory 


as 'epithelial, 'malignant,' etc., but by opponents of the paraaitlo theory 
they are confidently asserted to be 'infective granulomata/that is. Inflam¬ 
matory." Gornil, Caxin a and others also concluded that the tumors 
produced fay parasites were of this nature. Even the cancers which 
Doyen obtained by Inoculations with a supposed specific microbe, were 
found by Weinberg,* 4 of the Pasteur Institute, after a careful examlna- 


found by Weinberg,** of the Pasteur Institute, after a careful examina¬ 
tion, and also by Oornll, to be an inflammatory “proliferation of tisane." 
This conclusion Indicates the cancerous nature of the growth, «|fw the 
main landmarks upon which it could be based were the intense hyper- 
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- which. however, u previously stated. Indicate an entirely different pro* 

mm, u, merive nutrition through the aeeweiulatloa of blood and cells. 
Indeed, an stated by OonBeUman," the characteristic of cancerous growths 
Is that they are capable of attracting to themselves a supply of nourish¬ 
ment at the expense of the surrounding tissue, and necessarily, I may 

add, of the body at large. This Is an attribute of all cancerous growths, 
whether sporadic or due to transplantation or Inoculation. 

This does not alter the fact, however, that as Orth" declared 
recently, "no one ub to the p r es en t time has produced proof that car¬ 
cinoma la'of parasitic origin."^ All that can be mid is that certain para¬ 
sites can be laoluded among the many factors of divers kinds that are 
eapable of Irritating the' cellular dements which act sa foci for the 
development of malignant growths. This accounts for an important 
c o rroborative fact adduced by the supporters of the parasitic dootrlne, 
vis., that It dings to districts, buildings, or groups of buildings, that 
it may occur epidemically, as observed by Hvoslef" (all the c a se s being 

.In aged subjects) and others, and that It baa, though rarely, been com¬ 
municated. With, various exogenous and endogenous agents as patho¬ 
genic dements, quartan inhabited by cancerous subjects may readily 
km ,ome Intermediary. This applies as well to direct contamination 
through contact with a malignant growth, since, as shown later, vestiges 
of such growths, or even their juices after filtration, can start a 
malignant proems h an ulcerated mucous membrane. As this implicates 
the tongue, lips, u soplisgits. uterus, etc., while an area of ulceration 
nuy be extremely email and still constitute a vulnerable spot, it is 
probable that more cancers are thus communicated than is now realised, 
irrespective of spy specific parasite as cause. 

Cancer cells, when placed in appropriate surroundings, 
retain {heir vitality several days, and when transplanted, con¬ 
tinue to divide and multiply, preserving the characters of the 
original tumor. This accounts for the fact that malignant 
tumors can develop in regions remote from the original growths. 
The predilection of the lymphatic glands to metastasis, however, 
is due to the relative viability of these cells in lymph as com¬ 
pared to blood :* While the blood is destructive to cancer-cells, 
especially when its temperature (t.e., its proteolytic activity*) 
is above normal, the lymph into which the cells pass on leav¬ 
ing the cancerous mass is not. This is mainly because (1) its 
temperature is lower than that of the blood, (2) its proteolytic 
activity is relatively slight and (3) its circulation is extremely 
•low (4 mm. per second). The cancer-cells being comparatively 
j minima in lymph, they readily reach the lymph-glands which 
occur in the path of the lymph-streams and tributaries emanat¬ 
ing from the main tumor.* As all tissues are permeated by 
lymphatic vessels, these afford ready channels for cancer-cells 
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to every part of the body, a fact which account* for the fre¬ 
quent occurrence of metastatic growths in regions remote from 
the original cancerous mass, and in all kinds of tissues. This is 
facilitated, moreover, by the fact that the cancerous fluids can • 
also provoke the transformation of an aggregate of benign 
adventitious cells, the edges of m ulcer, etc., into a malignant 
growth and likewise cause the development of the latter when 
injected into the tissues. 

Not every accessory growth should be regarded as meta¬ 
static, however, since cancers of a similar kind and even of dif¬ 
ferent kinds have been known to develop in the same subject 
simultaneously. 

Bashford" states that when cancer Is successfully Inoculated from 
one animal to another, "a few parenchyma cells retain their vitality and 
continue to divide and multtpnr, giving rise to large tumors at the site 
of inoculation;" the new stroma formed "assumes the distinctive 
features of the original stroma," the new tumor, therefore, being "ex¬ 
actly like the original one." Indeed, as emphasised by Albrecht,** meta¬ 
static growths in human cancer cases may even functionate, as do the 
organs from which they are derived. 

The viability of detached tissues accounts for the resumption of 
their functions. Thus, Ljunggren** found that when carefully sterilised, 
bits of human skin could be preserved in sterile human aadtio fluids for 
months, and that the cutaneous cells retained their vitality. Trans¬ 
planted pieces which had been in this fluid one month, subsequently 
showed marked proliferation of epithelial cells and many nuclear figures. 
The transplanted cells also penetrated Into the granulation tissue be¬ 
neath, as In beginning carcinoma. Jensen" o b ser v e d a similar resistance 
in cancer cells, some living twelve days, isolated, at the room tempera¬ 
ture. In the blood, however, matters were different: he found that at 
the temperature of the body they perished in twenty-four hours, and that 
at temperature oboes the normal they rapidly lost their vitality. Meta¬ 
stasis, therefore, can occur only under certain conditions, for it is only 
when or where the temperature is normal or below normal, that de¬ 
tached cancer cells can safely run the gauntlet of the blood’s destructive 
action and reach a spot where they may, as it were, take root and grow. 
Indeed, as stated by Bash ford," the transmission of cancer differs from 
all known processes of infection: "the tissues of the new hosts do not 
acquire any cancerous properties; they merely react to the presence 
of cancer cells and supply them with nourishment." As explained in 
the text, a field where detached cancer cells are not endangered Is un¬ 
fortunately available aa soon as they leave the tumor, via., the lym¬ 
phatic vessels themselves, the normal channels for all detritus, and 
which serve also for their general distribution, as stated below. 

Keen apart from the direct development of a tumor by trausplanta 
tion thus provoked, a lesion anywhere, and characterised by an agglom¬ 
eration of adventitious cells, may become the starting point of malig- 
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aaiit growth when time cancerous vntign an available. Thu Hem- 
metal* obtained gastric carcinoma in doge affected with experimental 
peptic nicer, by inoculating the animals with particles of canine adeno¬ 
carcinoma. More striking, however, is the fact that he obtained similar 
results far injecting a sterile and cell-free nitrate of a similar growth. 
As lumr 1 also obtained a splenic sarcoma by injections of a filtrate of 
a uterine mvxr.ia—a frequent precursor of cancer—it is evident that a 
fluid derived from the cancerous mass, and not necessarily cancer tis¬ 
sue, can start the malignant process. The ease with which the poison 
may be distributed being thus greatly increased, almost any preexist¬ 
ing lesion in any part of the body I* exposed to contamination, and may 
thus become the seat of earner aa was the case in Hem meter's animals. 

The cancerous cachexia is duo to hemolysis, the result, in 
turn, of the excessive proteolytic activity of the blood.* Both the 
red corpuscles and the haemoglobin are actively destroyed, this 
morbid process beginning soon after the cancer begins to grow. 
The presence in tho blood of an excess of adrenoxidoae—and 
therefore of anto-antitoxin, to which this morbid process is duo 
—provokes likewise an exaggerated vaaotonus by stimulating 
unduly and directly the muscular coat of all arteries.* Aa a 
result of the vasoconstriction thus produced, the blood-serum 
is forced into the capillary system and lymphatics, causing vari¬ 
ous manifestations of oedema, anasarca, hydrotliorax, puffinesa, 
etc.* After death the caliber of the vessels is found considerably 
reduced, owing to the prolonged constriction to which they are 
subjected during life.* This also predisposes the patient to con¬ 
gestive disorders; hence the pulmonaty congestion, the neuritis, 
phlebitis and kindred disorders often met with.* The excess 
of adrenoxidoae is likewise shown by the tendency to thrombosis 
observed in these casce, adrenoxidase being, os we have seen, the 
blood’s fibrin-ferment.* 

The prolonged strain imposed upon the adrenal -system 
finally causes it to become functionally weakened.* This con¬ 
dition is aggravated when the tumor ia the seat of ulceration, 
by auto-intoxication, owing to the accumulation in the blood 
of detritus and bacteria from the putrifying mass. Death occurs, 
nnlesa a fatal intercurrent disease appear, from asthenia, the 
typical mode of death when the adrenal center becomes para¬ 
lysed.* 

The nnwroua cachexia In now attributed to the direct action of 
poisons derived from the cancer upon the tissue*, causing their d^mm- 
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_That this is due to hmobib, however, la ahowa In various ways. 

Aa far back aa 1843, Andtal and Simon found the red corpuscles greatly 
reduced even during the early atagea of the disease, a fast confirmed by 
Hayon and others. Roger William," who ref era to theae authors, alao 
atom that “the rad blood-eorpuaclea show signs' of progressive deterior¬ 
ation and destruction. A marked diminution of the nmmogiobin waa 
alao shown to exist by Qulnquaud, a fact oonflrmed by Chodowaky" after 
«w»»wt«iw g the blood of 51 caaea, Donati" and others. Roger Willlani 
aaya, moreover, that "a thousand gram of normal blood contain pbout 
185 gram of this substance, whereas in cancer ca a ea the amount often 
does not exceed 85 grama." He compares the condition to that which 
prevails in pernicious anemia, which, aa we will ace, ip due to hemoly¬ 
sin. Finally, Kullmann" found recently that -freahly-drawn blood of 
cancerous subjects contained a hemolytic substance, and that it acquired 
‘especial activity when the cellular elements were present. That the only 
hemolytic substance is auto-antitoxin, we have seen. 

Other phenomena which are now misinterpreted are the serous 
effusions, the anasarca, etc. That they are due to general vasoconstric¬ 
tion Is shown by the fact referred to by Roger Williams, that in eases 
that have run their natural course, "smallness of the heart, aorta and 
arterial trunks” is “o b s e r v e d post-mortem,” and that as shown experi¬ 
mentally by Louis (1840), tne "total quantity” of altered blood is 
"notably diminished.” Considerable of their serum having passed into 
the subcutaneous tissues, the chest, etc., (edematous effusions occur. The 
cause of the excessive vasoconstriction becomes apparent also, when the 
direct action of the unusual quantity of the auto-antitoxin on muscular 
coats of the vessels Is taken into account, as stated in the text. Ibis 
effect should, however, also be manifest in the other muscles of the 
body. Kllppel” observed that notwithstanding the wasting there was 
marked reflex hyperaxcitability of the muscles. The excess of all three 
constituents of the auto-antitoxin is likewise shown by the paradoxical 
phenomenon recently observed by Sticker,”* that when cancer had been 
s uc ce ss fully transplanted in dogs, these animals were immune to further 
inoculation. Indeed, the Cancer Research Commission also found 
recently, according to Bashford, 1 * that “an injection of healthy blood may 
protect mice against the subsequent inoculation of Jensen's tumor being 
su cces sful." The reason for this becomes self-evident in view of the 
identity of the body’s auto-protective agency, the auto-antitoxin that the 
blood contains. 

That the adrenal should finally yield, under theae conditions, la 
obvious. Nepveu** found what lymphatics were present filled with 
detritus.of various kinds, and epithelium. The morbid effects of the 
detritus‘are generally recogni s'd. Rifer 1 ** compares the putrifying pro¬ 
cess to that which occurs In plants having parasitic excrescences. The 
roots of some iff these, through various bacteria, including the bacillus 
amylobaeter, become centers of infection which, owing to the cacodyle, 
give out a repulsive odor. In human cancer, the corresponding ulcera¬ 
tion is due to pyogenic and other bacteria. Thus, Wlafiff,** found 
among others, the proteua septlcus homlnis and the bacillus eoli com¬ 
munis. That these organisms enter the blood-stream was shown by 
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lfangUaao. 1 " Ha ezulned the blood of 33 eaaearoua patient*, aad 
although tha strictest antlaeptle precautions were takas is each ln-tnnnr. 
ba found staphylococci of various kind* In 9 instance*. Theaa warn all 
ease* In which ulceration had occurred, while no bacteria were found la 
the blood when such uloeratlon waa absent. The general course of tbla 
addi tional morbid process la predaely that depicted fay Roger Williams. 
"Whan uloeratlon aeta In and the wound gats Invaded by microbes,” 
wrltea tbla observer, “the ordinary symptoms of aeptie Infection may ba 
added to t h oaa of the canceroua cachexia. Considering the putridity that 
characterises theaa uloaratlng cancers, especially when the uterus Is the 
part affected, aeptie complications are remarkably rare; but no doubt 
In certain cases, they contribute their quota to the enaemble of symptoms. 
Hemorrhage* and suppurations further Impoverish the blood and weaken 
the patient. At length. If not cut off by some intercurrent complication, 
death results from atthtmia" 

Treatment .—Removal of the tumor and of all contaminated 
glanda or metastatic growths is followed by prompt recovery, 
even the cachectic phenomena disappearing in practically all 
cases. This procedure, when practicable without endangering 
the patient’s life or producing unusually distressing deformities, 
is still , and rightly, too, the method of choice, until some non- 
surgicol measure will have proven itself as reliable. Potent 
reasons urge, however, the need of auch a measure: besides the 
desirability of avoiding mutilation, the impossibility to operate 
in some cases, the delay which dread of surgical procedures in¬ 
spires, etc., there is the undeniable fact that removal of the 
growth serves but to defer its fatal effects in the vast majority 
of cases, an assertion but too clearly sustained by the ever¬ 
growing death-rate. The functions of tbe endocrinee not only 
open a new field for the study of cancer but they suggest more 
encouraging lines of treatment. 

A cancer, in the light of the foregoing facts, is initiated, 
nourished and caused to grow by blood constituents which, as 
agents of the organism’s auto-prqtective mechanism, should, in 
reality, have destroyed it from the start* Owing to senility 
or other debilitating conditions* however, tbe defensive process, 
which requires an excess of auto-antitoxin, is inadequate; and 
mere nutrition, with mitotic proliferation of cells. Is., growth, 
results, because the blood’s auto-antitoxin happens to be com¬ 
posed of tlie identic*! substances which, under normal condi¬ 
tions, nourish tbe tissues.* Our aim, therefore, should be to 
raise, if possible, the functional efficiency of the body’s defensive 
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resources by meins of agents which, by increasing markedly the 
functions of the adrenal system, augment correspondingly the 
proportion of auto-antitoxin in the blood and other body-fluids.* 
All the agents studied in the eighteenth and nineteenth chapters, 
and others not analyzed in the present work, are available to 
attain this end.* Thyroid gland occupies a prominent place 
among them, the most satisfactory being desiccated thyroid. 

Thyroid extract was and in cancer as an adjunct to oophore cto my, 
some yean ago, by Hcataon,'" Stanley Boyd, 1 ** Dorland,”" and others] 
but as removal of the ovaries might have accounted for the beneficial 
results noted, these reports can hardly be taken as guide. It was first 
used alone in cancer (and before Beataon) by Robert Bell, 1 ** with ««««—# . 
Recently, 1 “ he stated that several of the recoveries were of over nine 
years' standing, although they Included cases of mammary and uterine 
cancer. Pap and Bishop" 1 caused the entire disappearance of a carci¬ 
noma of the breast by the use of the gland alone, beginning with 3 
grains (0.2 am.) and increasing until 15 grains (1 gm.) were given 
dally. At the time of the report, two and one-half years later, was 
well, and no trace of the cancer could.be discovered. Dennis'” also ob¬ 
tained more benefit from the use of thyroid gland than from any other 
agent, while H. A. Beaver,'” in a desperate case of card noma (also 
noognlaed as such by Air Francis leaking) nearing Its end and attended 
by groat suffering, obtained results "little short of marvelous." He 
states that "convalescence began Immediately, so that fay the end of 
January [the thyroid extract, 5 grains (0.33 gm.), quickly Increased 
to 20 grains (1.33 gins.) dally, having been begun at the end of Novem¬ 
ber! the patient was up and free from pain.” The following October 
she "was quite well and was following sn active life.” E. Hughes 
Jones' 1 * reports a cure of 11 years' standing In a woman aged 61 yean, 
and R. H. Woods”** the complete disappearance of a laryngeal cancer, 
“odor 3 grains of thyroid three times dally. He refers to Sir Charles 
Ball as having cured 2 eases of Inoperable cancerous lymphatic glands. 
We have seen that Naamd (1021) also found It curative. 

The prevailing empirical use of thyroid gland fails to 
afford the best results* and exposes the patient to complica¬ 
tions,* for the following reasons: (1) The vigor with which 
large doses enhance oxygenation and catabolism through tlie 
adrenal system, not only in the body at large, but in the can¬ 
cerous mass itself, entails an accumulation of waste-products in 
the lymphatics and blood-vessels beyond the excretory capacity 
of the kidneys. The indiscriminate use of such doses, therefore. 
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opposes the patient to nephritis which may -prove fatal; (8) 
the ftse of thyroid gland alone, by raising, metabolic activity in 
the organism and in the growth, involves the corresponding 
consumption of the blood’s sodium chloride and, though in a 1«- 
degree, its a lkaline salts.* If these are not replaced, the pa¬ 
tient’s vital functions become greatly depressed; and osmosis 
being deficient, he becomes readily vulnerable to intcrcurrent 
diseases!, while the beneficial influence of the extract is thwarted, 
through the fact that the trypsin, the active agent of auto¬ 
antitoxin, loses its power in the absence of sodium chloride; 
(8) excessive, still greater doses, by causing a correspond¬ 
ingly great quantity of thyroiodase to accumulate in the blood, 
soon influences the depressor nerve, and the functions of the 
patient’s pituitary and thyroid bodies being inhibited, the stimu¬ 
lating action of the extract on the test-organ and adrenal center 
(through which its beneficial effects arc produced) is prevented.* 

The dose of desiccated thyroid should, therefore, be small 
to begin with: 1 grain (0.065 gm.) three times daily, in a sub¬ 
ject of average health apart from the presence of the growth, 
this quantity being gradually increased by one grain (0.065 gm.) 
weekly, until 3 grains (0.2 gm.) are taken after each of the 
three meals—provided, however he does not complain of rheu¬ 
matic pains (which indicate excessive metabolism), and his urine 
remains approximately normal, albuminuria being only regarded 
as abnormal when marked.* 

To preserve the fluidity of the blood, facilitate the excretion 
of catabolic wastes and protect the kidneys by causing the spe¬ 
cific gravity of the urine to remain low, a quart .of some mineral 
water, such as Ballardvale, Londonderry Lithia, etc., should be 
drunk in the twenty-four hours.* This applies only, however, 
to patients whose diet is normal, who ingest through its 
intermediary enough sodium chloride and alkaline salts to sat¬ 
isfy the needs of the organism.* 

In fully developed cancer, the blood as a whole is deficient 
in eodium chloride. As the proteolytic activity of trypsin re¬ 
quires a find proportion of this salt—especially since it facili¬ 
tates osmosis and tissue-metabolism—it should be given as an 
adjuvant to the thyroid extract* Its use assumes additional 
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importance when the fever is marked, when the patient is on a 
milk diet, or when but little food is taken, since the latter must 
compensate the body for the sodium chloride, excreted in the 
urine,* over one-half ounce (14 gins.) daily. The indications 
for its use are similar to those in febrile diseases, 111 the quan¬ 
tity ingested being regulated by the degree of pyrexia. 

In advanced cases, the renal functions are usually impaired. 
Sodium chloride under these conditions provokes oedema. It 
is also contraindicated if any form of oedema is already 
present; Plain or mineral water should then be used instead, 
as in the earlier stages of the disease.* 

The fact that e aca ml w doses of thyroid gland tend to aggravate 
the renal diaorders to which cancerous subjects are liable is made self- 
evident not only by the well-known fact that it increas es markedly the 
urea excretion, but also by several eases reported. The use of consider¬ 
able pure or mineral water to insure adequate fluidity of the blood and 
to protect the kidneys is of considerable importance. In two of my eases 
it sufficed (without thyroid) to cause retrogression of the growth. In 
one of these, a breast cancer in the initial stages, about to be removed 
under the advice of two surgeons, there has been no recurrence, though 
six years have elapsed, flu patient (at 74) faithfully continues 
drinking one quart of (still) mineral water dally. This points clearly 
to the Importance of osmosis in the ourative process. 

The relationship between the functional efficiency of trypsin (the 
active proteolytic agent in auto-antitoxin) and sodium chloride is well- 
known to physiologists. Thus Halliburton 1 ** states that pancreatic juice 
taken from a temporary fistula, contains 7.35 parts of sodium chloride in 
a thousand. As this is almost exactly the proportion in normal saline 
solution, trypsin, the active ferment in panereatie juice, must require 
this pro pert Ion to exercise its proteolytic action most actively. This 
constitutes, therefore, an Important feature in the treatment of earner. 

Again, Von den Velden"' has shown that free hydrochloric acid le 
absent in nearly all cases of gastric euioer. Osier 1 ** states that “of 94 
cases In which the contents were examined. In 84 free HCI was absent. 1 * 
This Is not due to the local disease, for Moore, Xtoaf and Whitley 11 * found 
recently that in practically all eaaee of cancer, and wherever located, 
free hydrochloric acid Is either absent from the gastrie contents or 
greatly reduced in quantity. Now, an shown by the ex p erime n ts of 
Volt and Cahn, “the chlorides pr e sent in the blood-plasma are the source 
of the add.** 11 * Hammarsten 1 * 1 also states that “there can be no doubt 
that the hydrochloric add of the gastric Juice originates from the chlor¬ 
ides of the blood.” It is evident, sudi bang the ease, that the blood, se 
a whole. Is deficient In sodium chloride. In the light of evidence pre¬ 
viously adduc ed , therefore, the osmotic properties of the plasma and the 
activity of the adrenoxldaae and trypdn are all Impaired in earner. 
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I recommended the oh of aaline solution simultaneously with thy- 
ro “ *““* ud the in the first volume (January, 1903). elan 

oftllinn attention to the feet that “the curative proceae requires alkaline 
aalta” to insure the (nli activity of the tryptic intraphagocytlc digestion" 
—healdea that ol tha cancerous cells carried on by the plasma's auto- 
iytic constituents. This la a measure account* for the beneficial results 
obtained with sodium chloride alone by Rost. 1 * 1 Freund 1 " also found 
that the introduction of an alkaline fluid into arterial channels leading to 
the growth proved beneficial. But in view of the facta adduced above, 
it is evident that salt alone cannot prove curative. 

Its contraindication in advanced cases is shown fay the fact that 
Glosaor and Friable*** found experimentally that while a normal subject 
could ingest large quantities of sodium chloride without evil effect, can¬ 
cer patients showed mdema when the chloride consumption was increased 
—a fact which they ascribe to the impairment of renal excretion. In¬ 
deed, oedema may occur in its various forms, as we have seen, when the 
cachectic period is reached—an indication that the kidneys are the seat 
of inflammatory lesions caused by the excessive functional activity im¬ 
posed upon them and the local effects of toxic wastes. 


X-ray and radium cause a rise of temperature and hyper¬ 
emia in the growth, thus causing the proteolytic activity of the 
auto-antitoxin (t.e., its trypsin) in its blood.* The penetra¬ 
tion of the x-rays is greater than that of radium; hence the 
great efficacy of the former. The frequent failures observed, 
however, are due to the paucity of auto-antitoxin in ilic blood.* 
Thyroid gland should be used simultaneously, therefore, in the 
manner indicated above.* Cataphorcsis may likewise be advan¬ 
tageously employed in conjunction with thyroid gland and the 
use of fluids. 


That the x-ray method alone may be effective both in sarcoma and 
epithelioma, has been shown by Morton, Allen, Pussy, Pfahler, l«onard, 
Sldnner, Beck and others. Even here, breaking down of the tissues by 
the tiypsin in the cancer is evidently the curative process. As noted by 
most clinicians, congestion Is a prominent feature of the effort pro¬ 
duced, the local temperature, aa observed by Carl Beck,*" being some¬ 
what higher. As stated fay Skinner,"* moreover, “the effect of the x-ray 
light is due to a stimulation of the reparative functions of the tissues 
dep en d en t on an inflammatory reaction,” but how is this carried out? 
“Its destructive influence," continues Skinner, “is always exhibited on 
tissues which are low In vitality." The need of a destructive agent in 
the process asserts Itself, however, and trypsin, we have seen, is pres¬ 
ent In large quantities in cancerous growths. 

.1 advised the concomitant use of x-ray and thyroid gland over 
seven years ago. m Since then. Am Unde,"* having used it in several 
instances, obtained beneficial results in two cases which, under x-rays 
alone, had failed. He mentions three oases which were proving rebel- 
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lious to x-ray treatment and ware given thyroid by H. T. Morris, ia 
addition to the rays. "All three reeponded promptly," two Mag eurad 
and the third Improved. Another case of Moirire, an extensive rccur- 
rent oareinoma of the breast, also ended in cure under the combined 
treatment. Am Bade 1 * recently reported aeven caeca la which recurrent 
growths were markedly reduced, some disappearing completely, by mea n s 
of the combined use of a fluid extract of sheep's thyroid and radium or 
x-rays. In one instance, a case of adeno-cardnoma of the sigmoid 
flexure and rectum, diagnosed by laparotomy, and abandoned as lethal, 
normal health was rest o red. 

In one case radium was used with thyroid by Am Ends, the result 
being "considerable constitutional betterment," besides the improvement 
of local symptoms. The action of radium is similar to that of x-rays, hut 
as emphasised by Perthes 1 " and Kxner, ,M Its influence does not extend 
mueh beyond 8 or 3 centimeters from the surface. The influence of 
this on its therapeutic value is well shown by the following summary, 
liy Catharine Macfarlane, 1 * of the results obtained by various clinicians: 
"13 rodent ulcers cured; 14 epidermoid cancers cured; 1 malignant 
wart cured; 11 coses of cancer of the osophsgus slightly Improved; 
1 sarcoma cured; 87 carcinomas unaffected; 1 malignant wart unaf¬ 
fected; 1 malignant mole unaffected; 1 rodent ulcer unaffected." 
Diminutive growths may be de s troyed, therefore; thus. In IB mloa- 
canoers ranging from a pea to a bean In sloe, Apolant" obtained com- 

£ lete retrogression In 11, and reduction to men traces in the rest. 

rorton, Lasso r 1 " and others have rep o r te d cures in human subjects, 
but, on the whole, radium ia not as effective as the x-rays. Plimmer, 1 " 
for example, tried radium in 17 cases, with but slight. If any, beneficial 
effect. In nearly every Instance, however, the growth is said to have 
"blistered” or "reddened"—evidence to the effect that It provokes local 
hyperemia—a well-known fact. When radium aeta directly on ferments 
It soon destroys them. but Neuberg*** has shown that when of two frag¬ 
ments of the same cancer, one Is exposed to the action of radium and 
the other is not, the first will undergo disintegration twice as fast as the 
second. The wealth of these growths In trypsin, and the heat-energy 
supplied by the radium, account for this effect, as In the ease of 
the x-ray. Indeed, here, there being no circulation of blood, the heat 
evoked by the radium alone becomes the energizing agent of the ferment. 
The use of cate phoresis, as practiced by Batten Massey, suggests Itself am 
probably more effective than either the x-rays or radium, since it pro¬ 
motes disintegration of the growth, os does thyroid extract. 

. Thyroid gland ia always indicated when the x-ray or 
radium is used, to prevent metastasis.* The proportion of 
autorantitoxin in the blood and the tumor itself being increased, 
the cellular fragments and the soluble poisons liberated daring 
the disintegration of the malignant tissues are themselves more 
perfectly broken down, thus reducing the chances of metastasis 
in proportion.* 
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Allan, Coin 1 * and other oh ww hare found that metastasis 
---™ frequently under the x-ray treatment than ertthout It. 

ThU !■ readily explained fay the fact that aa the maae la beingbroken 
duwn, fragments and toxic juieea (capable, ere have aeon, of causing 
metaatude In proximate or remote- tlaauea) axe freed Into the lymph 
apieee In unusual quantities. The proportten of auto-antiloxin In the 
blood being in no way increased fay the local treatment, the process of 
Implantation or intrinsic Inoculation la not antagonised. By powerfully 
stimulating the adrenal center, thyroid gland greatly increases not 
only the proteolytic activity of the blood and the proportion of phago¬ 
cytes, but also that of the cancerous mam itself. The detached frag¬ 
ments, cells, and eolnble poisons are thus, from the start, either reduced 
to the condition of benign wastea, or their activity as living cells or as 
bio-chemical dements is greatly diminished. 

The local application of the adrenal principle favors the 
curative process. Adrenalin in 1:1000 solution, painted or 
swabbed over the surface of the growth relievos pain, arrests 
haemorrhage and even tends, by causing constriction of the ves¬ 
sels, to cause partial retrogression of the growth. Injection of 
10 minims of the same solution into the tumors enhances fur¬ 
ther the latter effect; but the injections should be given under 
strict asepsis, and after carefully sterilizing the surface. 

The local effects of adrenalin in this connection was observed by 
C. Fieelnger,'" who attributed them to its effect on vessels of the neo¬ 
plasm. In cancer of the rectum, he found that painting twice dally with 
30 to 100 drops of a 1: 1000 solution of adrenalin in a tslilespoonful of 
water decreased the rectitis, checked the discharge hnd brought about a 
temporary diminution of the growth. Malm 1 ** had previously obtained 
prompt results fay simply painting the growth with the 1: 1000 solution. 
The neoplasm partially retrogressed; then remained stationary and free 
from pain or hemorrhage, the patient being in apparently perfect health. 
In four other cases the results were also satisfactory. Berdier and 
Falabert 1 ** tried injections In advanced cases and found that they caused 
diminution of the tumor and of the adjoining glands, abolishing pain 
and Increasing the patient's weight. The injections were made Into the 
tumor or, when this was inaccessible, into the arm or over the organ 
involved. J. E. Rhodes 14 reported a case of inoperable nasopharyngeal 
sarcoma in which the injection of adrenalin into the growth together 
with local swabbing and spraying caused marked reduction in sise and 
alleviated the pain, thsugn the patient’s life was not prolonged. J. 
Price-Brown'** also found that adrenalin checked the circulation In sar¬ 
coma and lessened bleeding. 

Adrenal gland, the gkmdulte suprarenalee eirea of the U. S. 
P., is of advantage in these canes to prevent anaemia by supplying 
the blood with the oxidising constituent of tlie haemoglobin. 
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Time grains three times daily with iron, preferably Bland’s pill, 
1 grain, prolong life by retarding the cancerous cachexia. 


Hu usefulness of adrenal gland hi this co nn e ct ion was illustrated 
by one of 117 eaaea of advanced uterine cancer. In which life was con¬ 
siderably prolonged, improvement of the patient’s condition haring 
become manifest soon after the nee of the gland had been begun. It 
see m ed also to prevent s e ver e pain, doubtless by causing constriction of 
the arterioles, thus reducing the local hyperemia ana swelling. The 
patient died, in feet, without knowing that she had Buffered fspm earner. 

The simultaneous use of radium, thyroid gland 1% grains 
and hypophysis sicca Mo grain, the two Utter three times a day 
further improves the likelihood of recovery. 

The creation of the Bedlam Institute In Paris has rendered pos¬ 
sible a closer study of the technique, end, as a result, the curative value 
of radium has shown Itself to be greater than had been generally eup 
posed. Wickham, - a clinician of the first order, has observed remark* 
. able results lu a variety of oases, including epithelioma not only of the 


surface, but of such organs as the breast. By means of appropriate 
metal shields he regulates the activity of the radium and employe the 
beta and poems rays only for deep-seated growths. On the other hand, 
my own experience with opotherapy haa amply demonstrated their help 
ful Influence in malignant growths. 

Various organic extracts, including testicular juice, lymph- 
gland juice, an extract of ram's testicles, and thymus extract 
have bean tried. None of these substances, however, are endowed 


with the specific properties of thyroid extract. Even adrenalin 
ia useless given internally, since it is oxidized before it reaches 
the tumor at all. Iodine and the iodides have been extolled by 
various observers. The fact that fhyrtndase is an organic com¬ 
pound of iodine points to the iodides, especially sodium iodide, 
as a substitute when thyroid gland is not well borne.* 

Mikhalloff considers potassium Iodide a specific in cancer. In a 
preliminary pommunlcatlon*" he announced that he had obtained favor¬ 
able results with this treatment. He recently reported e case of cancer 
of the (esophagus treated by potassium Iodide with marked s u c ce s s . 
Many other remedies have been tried, but their enumeration would be 
out of place in this work. 

Although the various "cancer sera** or "antitoxins" are 
composed of the constituents of auto-antitoxin, the quantity 
introduced ia inadequate to produce more than fleeting effects. 
A continuous exogenous supply ia necessary to replace the auto¬ 
antitoxin formed under the influence of adrenal stimulant*.• 


More efficacious are the various toxins, especially Coley's 
mixed toxins of erysipelas and bacillus prodigiosus. They also 
produce disintegration of the growth by stimulating the adrenal 
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oenter, and through it, therefore, the formation of anto-anti- 
tozm.* Toxins are only efficacious in sarcoma, however, because 
this variety of cancer occurs usually in subjects who are young, 
and whose adrenal, system is more vigorous; and because the 
g re a te r vascular supply of the growths themselves renders them 
more vulnerable to the disintegrating action of the auto-auti- 
toxin.* For card noma, however, the action of toxins on the 
adrenal center is inadequate and less efficacious than that of 
thyroid extract.* Their value is sufficient, however, to warrant 
their use in sarcoma, especially with x-rays, which distinctly 
enhance their effects. (See also p. 757, vol. i.) 


The treatment by auto-antitoxin waa introduced by Rlehet and 
HSrkourt, of Parle, in 1RDS, who obtained encouraging reeulta in can- 
oer patients, by injecting bloOd from animals previously injected with an 
extract of cancer tissue. Jensen, in 1001, cured cancerous mice fay In¬ 
jections of blood from rabbits previously injected, a result also obtained 
by Clowes and Beeslack 1- and others. Leyden and Blumsnthal*** re¬ 
ported positive results both In does mud men by means of serum derived 
horn goats treated months with Injections of carcinoma. Gaylord. 
Clowes and Baeslack 1 " then showed that the serum of mice treated 
with immunising serum was capable of causing the disappearance of 
small tumors end checking the growth of the larger ones. A number 
of sera have been Introduced by as many investigators, ell giving results 
similar to those recited above. Tuffler 1 * 1 found thet any one off them 
Injected in torn into a cancer patient causes retro g res si on of the lesions 
to a certain extent and improvement of the clinical picture, but these 
beneficial effects become gradually less. At times, no beneficial effect 
is obtained, as in cases reported by D'Arcy Power." 1 Analysis of these 
eases In the light of my views, however, shows that the curative process 
hcl started, and Identifies the nature of the process; thus he com¬ 
plains that It canoed an inflammation in the growl he. The disease pro¬ 
gressed to a fatal issue while the injections were being given. 

The treatment by toxins, which, like thyroid, causes adrenal stimu¬ 
lation, may be illustrated by the treatment of inoperable sa rcoma , by 
1 «l«J toxins of erysipelas and bacillus prodigioaua as practiced by 
W. B. Coley, of New York, since 180*. the use off the first-named^ toxin 
having been suggested by the Inadvertent cure of a seven ease of very 
mallonant sarcoma, which had rec ur r e d four times, fay two attwdw of 

per to which the reader f 
her of cases treated 
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gnat increase of auto-antitoxin in the blood, is shown fay the faetthat 
results are linked with the t^perstureratio.^^The ^sbo^ be 
gradually Increased," writes Coley, until a chilly o ccurs (ooe-half to 
two boon after Injection), followed by a temperature of 101 to 10S 
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or 104° F." (mim casea mentioned reaching 105f), "the destructive 
proeeee in the growth being manifested In moot eases by “breaking 
□own"—precisely the effect produced fay thyroid extract and trypsin. 
Bebmlttle 1 * observed that the temperature kept high after the injection 
of toxins unless brought down by an antipyretic. The use of <««<■« 
is not devoid of risk, however. Marmadnke Shield 1 ** observed a — 
which, though there was “undoubted and apparent disappearance of the 
growth,” a met which he ascribes "purely to Inflammatory action,” ended 
in death, the autopsy showing the signs of “general pyemia.” 

in sarcoma the x-ray method is of but little value. Coley gave it a 
careful .trial in 6H c as es, and obtained very unsatisfactory results, and 
prompt recurrence. When, however, the toxins were Injected in addi¬ 
tion to the x-ray treatment, the effect was very marked, recovery oc- 
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blood that the curative influence is exerte d as It is when the thyroid 
is used. 


The local Implication on tlie ulcerated surface of a 1 per 
1000 solution of adrenalin relieves pain and controls haemor¬ 
rhage. The latter effect is also encouraged by thyroid extract, 
since by stimulating the adrenal center it increases the propor¬ 
tion of fibrin ferment (adrenoxidase) in the blood, and facili¬ 
tates coagulation.* To asepticize the ulceration and control the 
fcctor, formalin in a 2-per-cent, solution is quite effective when 
the dressing is changed every six hours. 

Flesslnger”* found that 30 to 100 drops of n 1 to 1000 solution 
of adrcnslin injected with n tablespoonful of water, gave a marked re- 
lief in rectal caneer. Mahu“ t used It in the manner indicated above In 
seven cases. Including mammary end rectal cancers. The growths par- 
ually retrogressed and remained stationary without causing discomfort. 
Benller and de Falabert 1 " obtained similar effects by injecting the solu¬ 
tion into the growth or in the ndjseent tissues. Powell" found formalin 
®*P*h* e not only of Causing the effects mentioned In the text, but also 
that it tended to promote destruction of the malignant mass. Benefleial 
offsets have also been reported by other observers. 

It i» important to realize that all these measures have—as 
with many othere tried—proven curative in a very small propor¬ 
tion of cases. 

Prophylaxis.—Tn the light of the foregoing facts, the 
prevention of cancer wonld reduce itself to measures cal¬ 
culated to increase the efficiency of the adrenal system.* The 
“cancer facies,** a peculiar pallor sometimes observed in 
subjects who subsequently develop cancer (as well as in many 
who do not ), assumes importance if there is a clearly defined 
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hereditary predisposition—a fact whicK means that congenital 
hypoactiyity of the adrenal system may favor the liability* and 
if the patient is past middle life. The presence of a mole, 
nasvi, papillomata, scars, warts, lingual sores or fissures from 
the presence of a pipe stem or sharp teeth, chronic uterine dis¬ 
orders, fibromata, chronic ulcers, patches of eczema, etc., may, 
as we have seen, render a given area liable to the development 
of cancer. Such lesions, even in a person who shows no here¬ 
ditary predisposition, when combined with pallor, sallowness, or 
any condition of the skin which points to deficiency of blood 
in its capillaries, are prone to malignancy if irritated.* 

In most cases, the cause of the pallor, etc., is due to low 
vascular tonus, the great vessels of the splanchnic area being 
engorged, while the peripheral vessels are ischaemic, due, in 
turn, to hypoactivity of the adrenal system.* Here, strychnine 
is of exceeding value, because it activates both the vasomotor 
and adrenal centers, in doses of '/<« grain (0.0016 gm.) in¬ 
creased to Vie grain (0.0021 gm.) taken after meals. The 
hydrochlorate of quinine, 2 grains (0.13 gm.), when tuken dur¬ 
ing a meal, does nut cause gastric disorders and is likewise 
effective. If adynamia be present, thyroid yland in small 
doses, 1 grain (0.06 gm.), may either be given alone or with 
quinine hydrochlorate 2 grains (0.12 gm.).* A course of the 
iodides, beginning with 5 grains (0.03 gm.) three times, daily in 
a large glassful of water, increasing the dose gradually to 10 
grains (0.06 gm.), is also useful, especially if given with the 
strychnine.* 

All these remedies, and others studied in the department on 
Pharmacodynamics, raise tlie blood-pressure more or less, and a 
greater volume of blood enriched with auto-antitoxin ami phago¬ 
cytes being caused to circulate in the cutaneous and other 
capillaries, the normal defensive resources are raised to their 
normal level.* This* means that adventitious cellular elements 
in exposed areas are promptly catabolized by the auto-antitoxin, 
that the detritus is promptly removed by phagocytes, and that 
the local process of repair is carried on normally.* 

In the case of internal cancers, apart from regions that are 
directly examinable, the larynx, the uterine os, etc., the dan- 
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get ngnh in mat and opportunities for Ttojhj^etic ro an - 
am an ft#. That gall-stones predispose to primary car cinom a 
of the gall-bladder is well known; hem or rhages from the stom¬ 
ach, rectum or vagina, in prematurely aged persons, are also 
familiar precursors of local cancers, especially if associated 
with emaciation. They may be looked upon, therefore, with 
sufficient mistrust to warrant prophylactic measures. In these 
cases, either of the sgenta previously recommended may be used. 
Thyroid gland , 1 grain (0.18 gm.), and Squibb’s extract of 
■ergot, 1 grain (0.065 gm.), each in a capsule, taken jointly during 
meals, are also very effective. The thyroid gland causes a prompt 
increase of fibrin ferment (adrenoxidase) and prevents the 
hemorrhage, while the ergot, by inducing a rise of blood- 
preesura, causes the exposed area to receive an excess of blood 
rich in auto-antitoxin.* 

The deeper and greater organs, when predisposed to can¬ 
cer, afford no reliable preliminary due. Emaciation occurs 
when a growth is too small to give evidence of its presence, but 
we are no longer dealing with prophylaxis here, end the meas¬ 
ures to be carried out are those indicated for a developed can¬ 
cer, those indicated under Treatment. 

Out-of-door exercise■ is of paramount .value in the preven¬ 
tive treatment of cancer, to increase the vigor of the circula¬ 
tion in the peripheral vessels and enhance general metabolio 
activity. Laziness, physical and mental, predisposes to cancer, 
by promoting drculatory torpor and recession of the blood from 
the periphery.* The use of alcoholic drinks, whiskey, brandy, 
etc., is also pernicious, since the alcohol becomes oxidised at 
the expense of the blood, thus impairing its antitoxic activity.* 
Coffee and tea, on the other hand, are beneficial, being vasomotor 
stimulants.* The free use of pure water is in itself a protective 
measure, since it preserves the blood's normal fluidity.* 

Sueli mm require ntdilag. In one of nine, now under obeervn- 
tlan since October, 1001, a frail woman In whom the sym pt o m s of mam¬ 
mary eaneer were anffldently d eve lo pe d to warrant operation (adviced 
hw two surgeons), the tumor was canned to recede by thyroid entrant. 
If she allows her health to rna down, however, ominous signs appear, 
and she must resume tre a t m ent. Arsenic le harmful In bar ease, a feet 
a cco u nted for by the depressing Influence of this agent on the adrenal 
system. Indeed It c oun ter acts directly fee effects of thyroid extract. 
An exeepthm to the use of thyroid—or, m feet, of apy drag—hen smarted 
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itself in oaeof my cm, Lt n on* o( hepatic ameer. While beaefltad 

S the copious nee of mloenl water (Ballardvale, one quart daily) 
rough the feet douMleee that the fluidity of the blood and of the bile 
facilitated the sllmiaatlan of detritus, any dna even In email dome, 
would at ouee aggravate hie condition. Drugs, taken against my advice, 
promptly caused death. My diagnosis of hepatic cancer proved true 
postmortem. 

a 

On the whole, the prophylaxis of cancer—which includes 
the prevention of recurrence after removal of the growth— 
entails as fundamental principle the preservation of the organ- 
' ism’s normal defensive activity through the adrenal mechanism.* 

This intimate relationship with Immunity, end which, as previously 
stated, I was flrst to point out and explain, in 1003, lias since been 
sustained by considerable experimental evidence. Uaylord, Clowes,'and 
Baeslack*" found an immune body in the blood of mice which had 
recovered spontaneously from experimental adeno-curcinoma, while 
Clowee** afforded evidence to the effect that “mice which have recovered 
from «■*««** pnnsrss an active i mmun ity against further inoculation.” 
Ehrlich*" found (1) that a rat or mouse in which Inoculation bad caused 
cancer, a second Inoculation failed to do so; and (2) that when tumor 
material too weak to eauso a growth was injected Into animals, tha 
majority of them became subsequently, f.e.. In from one to two weeks. 
Immune to inoculation. To explain hie flrst observation, Klirlleh states 
that the specific nutrient materials were used by the first growth—a 
pun supposition. From my viewpoint, the reaction of the adrenal system 
to destroy the tumor and Its detritus, loaded the blood with anti¬ 
bodies, <a, auto-antitoxin, and the material of the second Inoculation 
was promptly destroyed. Ehrlich explains hie second and moat valu¬ 
able observation by his side-chain theory. I have shown, however, that 
the latter Is not tenable as far as the tissue-cells being the original 
source of the antibodies Is conc er ned, and that ha has failed to establish 
the Identity of thme antibodies because he has neglected the ductless 
gi —Am Such obscurity does not prevail with the adrenal system aa 
ffr. fw.l. of reasoning: Ehrlich produced Immunity against cancer he- 
the injected material in cr eas ed powerfully the functional activity 
of the adrenal system, and thus caused an accumulation of auto-antl- 
toxln of sufficient magnitude. In horn one to two weeks, to protect the 
i ■( piwt the further Inoculation—precisely as he had la his 
flrst experiment. 
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THE INTERNAL SECRETIONS IN THEIR RELATIONS 
TO PATHOGENESIS AND THERA¬ 
PEUTICS (Continued). 


CONVULSIVE DISEASES DUE TO BYPOACTIVITY OF THE 
ADRENAL SYSTEM. 


A suggestive fact bearing directly upon the disorders 
studied in this chapter, vis., tetany, tetanus, epilepsy, puerperal 
eclampsia, and rabies, is that many investigaton have been led 
to conclude by experiments in which each organ was studied 
individually, that the adrenals, the pituitary body and the thy¬ 
roid apparatus not only influence metabolism, but that they are 
also concerned with the destruction of toxic waste-products. 
Thus, in 1891, Abelous and Langlois 1 urged that the function 
of the adrenals was to "neutralize or destroy toxic substances 
produced or elaborated during chemical interchanges, and par¬ 
ticularly those resulting from muscular work.” In 1894 Lloyd 
Andriexen 1 concluded that “the pituitary gland exercises a 
trophic action on the nerve tissues, which, in more definite 
terms, means enabling them” .... “to destroy and render 
innocuous the waste-products of metabolism.” As to the thy¬ 
roid, it may be said to have been connected with both these 
processes almost since any function was ascribed to this gland. 
“According to one hypothesis,” says Howell,* “the function 
of the secretion is antitoxic. In some way it antagonizes toxic 
substances supposed to be formed in the body in the course 
of normal metabolism.” We have seen in a preceding chapter, 
that the labon of Vassale and Generali, Gley, Moussous, Jean* 
delize and others have conclusively shown that this applied to 

the parathyroids as well. . 

In the first volume (1903) and in several papers written 
since, I pointed out that the spasmodic and convulsive phe¬ 
nomena witnessed after removal of either the thyroid, adrenals' 
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or pituitary should not be ascribed to the fact that absence of 
either of these organs prevented a direct action by their secre- 
tion or their cellular elements upon spasmogenic poisons, but 
that the seizures were caused by toxic waste-products, as all 
three of these organs formed part of the adrenal system which 
carried on the oxidation process through which these wastes 
woiild otherwise have been adequately catabolized. This applies 
also to another fruitful cause of convulsive diseases, focal infec¬ 
tions, the most frequently met with being those of intestinal, 
mainly csecal, origin. 

Unfortunately, confusion in respect to the pathogenesis of 
the group of disorders studied in this chapter still holds sway, 
while the appalling mortality of tlie acute diseases among Uie 
group continues unchecked. Of tetany, the simplest of the 
Beries, a widely read text-book of Practice still says: “The 
nature of the disease is unknown.” Ample testimony Is avail¬ 
able to show that a corresponding ignorance of the nature of 
the other diseases of the group prevails. Indeed, Joseph Col¬ 
lins, 4 a prominent neurologist, likewise wrote: “We know 
very little more concerning the etiology, pathogenesis, and the 
clinical display of nervous diseases, organic anil functional, 
than we did twenty years ago.” This state of tilings will con¬ 
tinue as long as neurologists will persist in ignoring the car¬ 
dinal rfile of the internal secretions in nervous diseases. 

Tlie strength of the evidence submitted in this chapter 
to the effect that hypoeatabolism is the ‘underlying cause of 
the five diaeases studied below is self-evident. Whether, as in 
tetany or the far more severe puerjieral eclampsia, it lie tine to 
the formation of products of mctaliolism in excess of the quan¬ 
tity which the adrenal system can convert into lienign and 
eliminable products; or to paresis of tlie adrenal system itself 
by tetanotoxin or the virus of rabies; or to functional torpor, 
inherited or acquired, of tlie same system as in epilepsy, the 
. pathogenic agents (various intermediate products composing the 
poison) are the same, though the effects are greatly influenced by 
the degree of toxomia, the efficiency of the test-organ, etc. 

Tn the first volume anil elsewhere I also submitted that the 
adrenoxin-laden plasma circulated in the axis-cylinders. Con- 
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« 

siderable evidence hoe since sustained this view, as we have 
seen. This explains, which no one had done before, the pres¬ 
ence of tetanotoxin in the axis-cylinders and its steady pro gre ss 
—as well as of methylene-blue and antitoxin—in these ner¬ 
vous structures. 

Again, having urged that imperfect catabolism and inade¬ 
quate functional efficiency of the adrenal system were the under¬ 
lying cause of spasm and clonic convulsions, and in the presence 
of the striking beneficial effects of thyroid extract in experi¬ 
mental tetany, I laid stress on the pernicious influence of the 
bromides, chloral and other depressants, calling attention to 
the fact that, far from tending to cure, these drugs tended to 
kill. “They reduce, it is true,” I wrote at the time,* “the ex¬ 
citability of the sensory elements, but they aid the accumula¬ 
tion of the spasmogenic toxics by inhibiting the oxidation pro¬ 
cess through which these are destroyed.” Again, after calling 
attention to the hypothermia, the bromides and chloral pro¬ 
voked : “If the protective, curative element in these dread dis¬ 
eases is hyperoxidation, what may we expect of induced hypoxi- 
dation? The mortality ratio of rabies, tetanus and puerperal 
eclampsia treated on these lines answers that question.” 

Conversely, we will see in the following pages that in the 
acute diseases full doses of thyroid extract, of iodine, of the 
iodides, of biniodide of mercury, etc., of powerful adrenal 
stimulants, in a word, are eurative. The paresis of the test- 
organ caused by the tetanotoxin and the rabic virus, and the 
inability of the organ to rise to the occasion in eclampsia impose 
the need of these large doses, the aim being to prevent the 
paroxysms by insuring a continuous destruction of the toxic 
wastes which incite them. In epilepsy, the object is the same; 
but small.doses are alone needed here; the accumulation of 
toxic wastes being relatively slow, the aim is to supply the «m 1I 
surplus of oxygenation required, and to reduce by dietetic meas¬ 
ures the products of metabolism formed. 

On the whole, the picture submitted below of the patho-’ 
genesis of the dread diseases studied in the present chapter »nH 
the modus operand! of the various agents recommended, dlgfap 
from any so far contributed except by myself. But I - must 
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again urge that with the adrenal system as the fundamental 
me ch a nis m of all pro ce ss es involved, the relations between 
cause and effect appear in their true light, vis., that it is only 
by aiding the body's defensive resources that we con hope to 
master disease. 

TETANY. 

Synonyms. —Intermittent Tetanus; Little Tetanus; Teta- 
nxUa. 

Definition.—-Tetany, a disorder characterized by painful 
tonic spasms, is caused by waste-products which, by provoking 
a marked rise of blood-pressure, cause capillary hypenemia and 
hyperexcitability of all organs, including the spinal and peri¬ 
pheral nervous systems. A spasm occurs when this general ex¬ 
citability is suddenly Increased by the appearance in the blood 
of an excess of auto-antitoxin, the result, in turn, of a defen¬ 
sive reaction of the adrenal system, and lasts until the spasmo¬ 
genic poisons have bom more or less converted into harmless 
and eliminable end-products.* 

Symptoms and Pathology.—In some cases the spasms proper 
are preceded by prodromata, i.e., tingling or numbness of the 
extremities, headache, nausea and vomiting, mental depression, 
vertigo, irritability, a vacant stare, and transitory blindness. 

The spasms occur in the four extremities in the majority 
of cases and in the upper extremities in practically all other. 
The thumb is flexed in the palm, the fingers are bent at the 
metacaipo-phalangeal joint, but stiff beyond this limit, the 
wrist ia flexed upon the forearm and the arm folded over the 
cheat. In rare instances, the fingers close over the thumb. 
The spasms soon extend to the lower extremities; as a rule, 
these are stiff at the hips and knees, the feet being extended 
and tiie toes flexed. The facial muscles are often involved, 
causing locking of the jaws, as in tetanus, and the risus sar- 
donicus. When the muscles of the neck, chest and back are the 
seat of spasm, the head may be thrown forward or backward, 
and opisthotonos may occur. The diaphragm and the laryngeal 
muscles are not infrequently included in the morbid process, 
caning marked dyspneea. Stridulous respiration and cyanosis 
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may be provoked by the laryngoapaam, a dangeroua feature of 
this disorder. Pain in the contracted muscles and cutaneous 
hyperesthesia are generally present. Among the phenomena 
less frequently observed axe: oedema of the extremities, sweat¬ 
ing, erythema, purpura and other eruptions, and anuria. The 
pulse is frequently accelerated, though the temperature is usu¬ 
ally normal, and seldom exceeding in the exceptions 101“ P. 
(38.3° C.). 

The spasms proper may last but a couple of minutes, but 
often they succeed one another without complete relaxation dur¬ 
ing the intervals, bo that the paroxysm is in reality a series of 
exacerbations of spasm lasting from ten to fifteen minutes. 
They may recur repeatedly in twenty-four hours during sev¬ 
eral days, weeks, and even months. 

Roveml of the phenomena mentioned do not appear in the average 
text-book. The vacant ntare wae observed by F. M. Crandall.' C. P. 
Howard,’ in a study of a large number of cases, states that “transitory 
blindness ha* been recorded by Kussmaul, Bouveret, Trevilian and 
Cunningham." Of trismus, Howard writes: “That this does occur in 
tetany as well as in tetanus must not be forgotten, as It is present in 
10 of my series," i.e., 08 cases, including 0 of his own. Again, he states 
that “spasm of the muscles of the neck, or of the back, or of both was 
present in 24 cases, and in several gave rise to well-marked opisthotonos." 
Finally, referring to the spasm: “While usually tonic in character, it 
may be clonic at the onset, and In some cases from this fact may bn mis¬ 
taken for epilepsy; though it should be borne in mind that in true 
epilepsy the tonic stage always precedes the clonic. A general con¬ 
vulsion occurred in 13 of my eerie-, of which 9 were children." Tetany 
obviously embodies many of the characteristic symptoms of tetanus and 
epilepsy. 


Etkkfj and Pathogenesis.—Tetany is primarily due to 
an accumulation in the blood of toxic waste-products which irri¬ 
tate the vasomotor and sympathetic centers. The general and 
marked vasoconstriction which occurs, causes the blood of the 
laxge deeper vessels to be driven towards, and accumulate' in, the 
capillaries of the entire body.* As the brain and spinal cord 
are themselves rendered hypenemic by this process, their irrita¬ 
bility becomes so great thaj the slightest excitation from the 
periphery evokes a violent reaction.* The cutaneous sensory 
nerve-endings being likewise rendered hypenemic,* they also be¬ 
come hypersensitive to external impressions, and a condition ia 
produced in which reflex spasm may be brought on by external 
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excitants which, under normal conditions, would have produced 
no reaction.* Hence* the muscular contraction produced bj 
tipping over a muscle (Chvostek’s symptom), or by premuie 
upon a luge nerve or artery (Trousseau's symptom), the 
marked electrical excitability (Krb’s symptom) and other 
familiar signs. 


That some toils is the apasmagmic unit in now believed by 
practically all observer*. Bouchard, Uerhardt, Bouvervt and Derir,* 
Carpenter* and others have ascribed It to intoxS-ation of gastric origins 
Ewald and Albu M to a toxic alkaloid of intestinal origin found in unne; 
Oddo and 8arlec u and Oddo" to a toxin circulating in the Itiaod. 

As to the presence of liypenemia, Tonnelier, Bmndeaii, UriHOlle and 
Trousseau recorded cases in which they had found hypenrmia of the 
brain and meninges, and Weisa, Bononte, Cervesato and Ksabo, and 
others in which poliomyelitis was present. R. PeterH 11 in an exhaustive 
analysis of 77 cases, Including 7 of his own studied mierosropimlly, 
found the main lesions to be a small-celled infiltration with hemor¬ 
rhages, the latter oecuring preferably between the ganglia and anterior 
room, inflammation of the ganglia, and pachymeningitis. Peters ascribes 
the disease to leueomaines or ptomaines liberated hy auto-intoxication, 
and whieh sxert their morbid influence upon the nerve-roots. Degenera¬ 
tive lesions in the gray substance and most pronounced in the anterior 
horns have been observed by Weiss, Bonome and others. 

The frequency with which mechanical irritability of the surface 
occurs is shown by the fact that It was present In all of 40 eases of 
Infantile tetany studied by Ganghofneri" the Trousseau phenomenon 
was present in 28 of these instances. Homme 11 even ascribes the laryn- 
gospasm and faeial phenomena to “reflex hyperexcitabllity of the cord 
and peripheral nerves." 

The manner in which the sympathetic center is influenced Is con¬ 
sidered at length under “Tetanus," a kindred disease. 


Tetany occurs in the course of many diseases. Prominent 
among these'are: (1) various gastric and intestinal disorders; 
(2) infections diseases, such as typhoid fever, variola, malaria, 
cholera, scarlet fever, measles, erysipelas, pertussis, pleurisy, 
bronchitis and influenxa; (3) pregnancy and lactation; (4) uHe¬ 
rnia and insolation; (5) violent excitement and exertion. In all 
these conditions, tetany is an accessory phenomenon, due, not to 
the autotoxins or bacterial toxina they add to the blood, but to a 
single class of spasmogenic agent in all cases, i.e., toxic products 
of imperfect catabolism.* 

These toxic wastes accumulate in the blood, because the 
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adrenal system—including the thyro-parathyroid appara tus— 
though able to supply enough auto-entitoxin and thyroideM 
(which as opeouin sensitises the poison) to convert all physio¬ 
logical wastes into benign and eliminable end-products under 
normal conditions, fails to increase its functional activity suffi¬ 
ciently when these wastes are produced with unusual rapidity 
(3d, 4th and 5th group), or when exogenous poisons such as 
those derived from thq alimentary canal, or bacterial toxins (1st 
and 2d group), are added to the blood.* In the former case 
toxic intermediate wastes simply accumulate in 'the blood¬ 
stream; in the latter case, the exogenous poison or toxin, by 
utilising for its own neutralisation a given proportion of what 
auto-antitoxin is available, diverts a corresponding quantity 
from the physiological products of catabolism, the result being 
the same, i.e., a gradual accumulation of toxic wastes, several 
of which are known to be spasmogenic.* 

Tetany may also be caused by (1) certain drugs, alcohol, 
for instance, (2) rickets and (3) removal of the thyroid and 
parathyroids, and myxoBdema; the disorder being due here to 
artificially produced deficiency of auto-antitoxin and thyroidaae 
in the blood.* Thus, alcohol becomes oxidised at the expense 
of the blood’s adrenoxidase and so reduces the quantitative effi¬ 
ciency of the latter that the auto-antitoxin formed is poor 
in this substance; as a result waste-products are imperfectly 
broken down, and toxic wastes accumulate*—provided the ad¬ 
renal system fails to react. Bickets, a disease due to deficient 
nutrition of the bones owing to tardy development of the pituit¬ 
ary body, i.«„ of the adrenal center, is self-explanatory as a 
cause, since the resulting deficiency of adrenoxidase entails im¬ 
perfect catabolism.* Bemoval of the thyroid and parathyroids 
accounts as.readily for the tetany it provokes, since it is this 
organ’s secretion, thyroiodase* (opsonin*), which sensitises all 
substances to be catabolised, besides sustaining the functional 
efficiency of the adrenal center up to its normal standard.* 
Briefly, notwithstanding the multitude of disorders with 
which tetany is associated it ia invariably the result of an 
accumulation of toxic wastes in the blood,* except whoa caused 
by exogenous poisons. 
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BlcdP* data that “the generally uantw mw toasy (nwici, van 
Vmnkl-Hoehwart ChvocUk) u that all forma of clinical tetany an of 
panAbrtold origin.” From my viewpoint this Is dun to tbs fact that 
i am oral or pelfcafeillanl destruction of the parathyroids deprives the 
thyroid eeerrtloa of Its main antltoalo constituent. 

Wo hare seen that various authors ascribe tetany to toxins of 
matfo-tatsstfaml origin. While this accounts theoretically for some 
oases. It hll » to do so 1a the seven other groups enumerated, although 
the symptoms of the disorder are similar, though differing In intensity, 
In nu eases. This points clearly to a common cause. The epidemic 
f wm. obs e rved in Europe, by von Jakach u and others, were In reality 
Mn. nhHin dtedw. In the course of which tetany appeared as It does 


view today (Pinelea, 
of eliaical tetany an 


ww obscure disorder, la the course of which tetany appeared as It does 
fm —- diseases. Tetany ltnelf thus loses the epide«le character 
attributed to It by some. That several intermediate waste products 
of causingconvulsions have been isolated will be shown in the 




Bvsn apart fropi my own views, the thyroid gland. Including the 
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SeteL Thus Howard, referring to the investigations of GfeftVaaaah* 
beMndl, Halsted and IfaeCaUum—all of which, beaide others, have 
been renewed In this work— states that “when these glands . ire rsmond. 
a poison which wan formerly neutralised by them acta upon the esntml 
p j r ws system produoce tetany.” MacCallum U also stated fay 
Howard to have ascribed tetany to^the production of aomuoh of this 

.. , ___■■ - 11 - InaiilllnlMli HI 11*11- 


trnltaa it* Conversely, Flakier “regards the action of poisoNua pro- 
of metabolismaa of lees Importance than other factors, "but 
Howard points out that “the great election to Fldncris thcory_ Is tha t 
It suffices only es aa explanation for the gastric form of tetany. 
hen It tor, ns Howard correctly states, “Aibu, Gumprecht, von 

Jaksefa, Dtem and others have repeatedly failed to reprmlaoe tetany 
by f »l—«H"g Into animals onfrsnfed gastric contents fro m cas es of tet- 
2 y."Itto evident, therefore, tha t wot o ne of the clghtgroupsof dto 


producte’of metabolism can akme be credited with this m orbid rife 

in.. .MHinu t for the marked clinical kinship between some 
earns Stated HnSfle&tVpBS Clark.- after Audying 15OJJ0O 
mdlentle eelnrea at the Bonyce Colony for Epileptics, concludes that 

in Ml initial toxin or auto- 


When the accumulation of toxic wastes attains a certain 
degree which varies according to the sensitiveness of the test- 
organ, this organ awakens through the adrenal system a pro - 
tactive reaction.* The adrenals being stimulated, the propor¬ 
tion of odi yiwcidaan ■■■and therefore auto-antitoxia in the 
blood is increased temporarily.* The effect produced is ap¬ 
parently a morbid one, a spasm or series of them, since the 
sudden increase of oxygen in the blood further excit es the 
already hypereenaitive nervo us system, central and peripheral. 
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The increase of auto-antitoxin compensates for this.: It neu¬ 
tralises not only the toxic wastes, but also the specific poison 
or toxin of the disease (typhoid, erysipelas, etc.) upon which 
tetany, an autonomous phenomenon, may be grafted.* 

The spasms of tetany are, to a certain extent, therefore, 
an expression of auto-protective activity.* They occur partly 
because the augmentation of auto-antitoxin, which is the body’s 
main safeguard in all diseases and the active agent in all febrile 
processes, happens to coincide with a condition of marked 
irritability of the central nervous system.* 

This accounts for the fact that a period of Improvement often 
en o ce e ds a convulsion. The curative influence of thy s id extractives or 
thyroid grafting in the tetany following thyroidectomy points to the 
manner u which the toxic wastes are neutralised. By stimulating the 
adrenal center the proportion of antitoxin is increased—precisely as if 
the thyroid gland were still present. Thus, Hutchinson 1 * and others 
found that thyroid extract increased oxidation, while Magnus Levy" 
and Scholl observed that it increased the consumption of oxygen and 
the proportion of CO, excreted. As will be shown under Treatment, it 
is as effective in clinical tetany as it la after' thyroidectomy. 

Treatment.—The primary disease, that which, by depriv¬ 
ing the blood of some of its auto-antitoxin, renders the accumu¬ 
lation of toxic wastes possible, should be eliminated whenever 
feasible. Practically all eases in adults are due either to some 
gastric or gastro-intestinal disorder, or to pregnancy and lac¬ 
tation. Gastric dilation is not infrequently observed and it 
is in this class of cases that death is apt to occur. An important 
feature of this condition is that it is directly due to insufficiency 
of the adrenal system: the blood being poorly supplied with 
adrenoxidase, the entire muscular system is relaxed, including 
the musculature of the stomach.* A similar condition prevails 
in pregnancy, the adrenal center being unable to insure neutral¬ 
isation of the waste-products of both mother and foetus.* 

Under -these conditions, treatment of the tetany itself 
(besides any other measure that the concomitant disorder de¬ 
mands), i.e., stimulation of the adrenal mechanism to increase 
the blood’s auto-antitoxin, meets the needs not only of the 
tetany, but of the primary disorder also.* Again, when we 
consider that it is through an increase of auto-antitoxin that 
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ill exogenoni and endogenous poisons are antagonised in the 
blood, it becomes apparent that all agents which increaso the 
functional activity of the adrenal system tend to cure not only 
tetany itself, but its cause.* Thyroid gland (that available, 
which c o n t a ins parathyroid) is thus indicated in all forms of 
tetany. Large doses have been found necemary; 5 grains 
(0.3 gm.) or more every three hours may lie used at first, and 
gradually increased. Parathyroid is beneficial in some cases, hut 
probably only the milder ones. (See also p. 741, vol. i.) 

It is probable that the underlying reuse of tetany In many eases 
is deficiency of thyroid secretion. Thus Gottsteln* 1 arrested tetany of 
.twenty years' duration in n ease of myxoedemo. Yung, Breisaeli, Murray, 
Hutinel, Maestro* and Byrom Bramwell" have also reported cases of 
tetany or lniyngoepaam apparently devoid of hypothyroidia benefltted 
and even cured by thyroid extract." Levy-Dorn™ obtained striking 
results In a case following parturition, the spasm ceasing after the sixth 
dose. Other of thie kind have been reported. This result 

obtains, however, only in eases in which the adrenal center responds to 
excitation; it may be too poorly developed to do so, ae in some rachitic 
children, or it may have been so actively stimulated by the concomitant 
process, pregnancy for instance, that its efficiency cannot be raised 
further even ky thyroid extract and the tetany persist. 

As to the value of parathyroid extract, the question is still 
unsettled. Kasterbrook" tried parathyroid extract in several eases, 
employing enormous doses in some; the only effect wan a slight rise 
of blood-tension. MacCallum," however, was able to arrest the symp¬ 
toms produced by excision of the parathyroids by injecting the blood of a 
normal dog. The same observer and Davidson" found that an emulsion 
or extract, to produce its maximum effort, must lie introduced into the 
veins in considerable quantity—a fact which they think tends to mili¬ 
tate against its'Use in human beings, although it might be of use in co s es 
due to partial adrenal insufficiency. This is sustained by the observation 
of Loewenthal and Wiebreeht that it was beneficial In some esses and 
not in others. The fact that the product of the parathyroids Is but a 
donsti tuent of thyroidase probably accounts for Its relative inertness. 
In the light of my views It requires the secretion of the thyroid to 
acquire its physiological power. 

. In children gastrointestinal disorder* arc likewise the pri¬ 
mary exciting cause in the majority of cnees. Purgation and 
attention to the diet sometimes suffice to arrest the spasms. 
Thyroid gland has also given good results in such eases after 
the alimentary canal had been judiciously treated. Calomel, 
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which alio stimulates energetically the adrenal center,* haa been 
used advantageously every other day in ?/« gvtin (0.05 gm,) 
doses to prevent the formation of toxic substances.* Saline 
aperients are also niefnl in such cases. Soldi, 5 grains (0.3 
gm.), haa bear recommended for the same purpose. Warm 
bathe, by drawing blood to the periphery and increasing (owing 
to the heat, which enhances the energy of all ferinents) the 
proteolytic activity of its auto-antitoxin,* are very beneficial 

Oddo“ found calomel wry effloadoue in the above does, for the 
expulsion of Intestinal toxio substances and their removal. With 
Earner" he reoammended lavage but this Is a difficult and dangerous 
procedure In tetanic children. Maestro o b s er v ed that thyroid gland, 
administered raw or slightly cooked, 30 to flO grains (8 to 4 gins.) daily, 
to children, rapidly diminished the intensity of the spasms and finally 
arrested them, warm bathe are recommended tar many clinicians! 
the efficiency of ferments being raised by heat, the trypsin of the auto¬ 
antitoxin acqulrea increased activity; moreover, the cong e s tion of the 
central nervous system is markedly relieved. 

Saline eolation is a useful adjuvant to increase the osmotic 
properties of the blood and thus facilitate the circulation of the 
auto-antitoxin.* It may be given orally in adults and by anamii 
in children, large quantities being injected. 

Kussmaul long ago suggested that the spasms were at least partly 
doe to diminution of thTfej fluids—the theory of “dehydration" 
supported by other olinidans. It is mainly in severe types of tetany that 
the dednormal solution is effectual, liras Ooner obtained prompt 
results and finally recovery in eaaes in which the spasms included 
opisthotonos. 

To control the spasms, 10-grain (0.65 gm.) doses of bro¬ 
mide of sodium usually suffice; such doses reduce the excita¬ 
bility of the vasomotor and sympathetic center just enough to 
diminish the cutaneous congestion without lowering the activity 
of the adrenal center.* If it fails to reduce the spasm chloral 
hydrate may be added to the bromide, also in 10-grain doses. 
In children the chloral may be given by enema. Additional' 
measures to relieve the spasm are given in the article on Tetanus. 
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TKTANU8L 

Stnokth.— Lockjaw. 

Milt tod—Tetanus, a condition characterised by par* 
oxymns of severe tonic spa am, ia the terminal stage of an infec¬ 
tion by a specific bacillus the toxin of which causes paresis of 
the test-organ. The functions of the adrenal system being 
inhibited, toxic waste-products accumulate in the blood which 
provoke an intense rise of blood-pressure and, as a result, 
capillary hypenemia and hyperexcitability of all organs, includ¬ 
ing the spinal and peripheral nervous systems. A spasm occurs 
when this hyperexcitability is suddenly increased by the appear¬ 
ance in the blood of an excess of auto-antitoxin, the result, in 
turn, of a defensive reaction of the adrenal system, and lasts 
until both the specific toxin and the toxic wastes have been 
more or less converted into harmless and climinable end- 
products.* 

Symptoms and Pathology.—The tetanic paroxysms appear 
from a few hours to two weeks after the introduction of tin 
specific agent of tetanus into the tissues. The attack is some¬ 
times preceded by chilly sensations, hypothermia, lassitude, 
yawning, and in traumatic cases by some tenderness and mus¬ 
cular twitchings in .the neighborhood of the wound. 

The attack itself begins by more or less marked rigidity 
and perhaps slight pain of the muscles of the jaws, neck, tongue 
and {esophagus, the patient soon finding it difficult to swallow 
and then impossible to open his mouth. This stiffness gradu¬ 
ally invades the entire body, i.e., the muscles of the back, 
abdomen and legs, and the patient finally becomes as stiff as 
a board. In some cases the spasm occurs in certain groups of 
muscles earlier than in others and the body may be bent to 
one side or the other, backward—opisthotonos—or forward. 
The facial muscles may also contract irregularly, causing dis¬ 
tortion of the features; the eyebrows may be raised and the 
angles of the mouth elevated, causing the grin of tetanus, t.e., 
the rime mrdonicus. The paroxysms, at first comparatively 
painless,, become extremely severe, the patient being often in 
drenching sweat; but fortunately they do not generally last 
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longer than fifteen seconds. They may be provoked by the 
slightest touch, a breath of air, noise, etc. 

When the muscles of respiration and the diaphrag m fafca a 
veiy active part in the spasm, the respiration becomes hurried 
and short and the patient may die of asphyxia. The heart 
may likewise be inhibited through excessive constriction of the 
coronaries,* and its action beepme very weak, irregular »«d 
finally arrested. Although the temperature may rise moderately 
during the seizure, it sometimes becomes high—110° P. (43.3° 
C.) on the approach of death. Most cases die within the first 
few days, but some may endure much longer—weeks even. 

Pathogenesis.—Tetanus is due to the accumulation in the 
blood of certain poisons which cause marked irritation of the 
sympathetic and vasomotor centers.* The propulsive activity 
of the arterioles is not only enhanced to a marked degree by the 
exaggerated sympathetic impulses, but the irritation of the 
vasomotor center, by provoking excessive and general vaso¬ 
constriction, causes the deeper vascular trunks to drive a part of 
their blood into the peripheral capillaries, including those of the 
spinal cord and skin.* The spinal reflex centers being thus 
rendered excessively irritable and the cutaneous sensory ter¬ 
minals correspondingly sensitive, a condition is produced in 
which a spasm may be brought on at any moment by the slight¬ 
est exciting cause, a touch, a breath of air, a slight noise, etc., 
or some endogenous excitant.* 


The blood-pressure was found elevated by Tauber* not onlv durtmr 
■ peanut, bat also during the intervale. The arterial tension ia so great 
in mme auee that rupture of the capillaries may be caused by the Stood 
forced into them. Thus, Molle* 4 observed hemorrhage ui tetanus. 
Marlnewo" found diffuse hemorrhages In the gray substance of the 

SS* in th ? ■ nter ®® r ham. Hunter* noted marked 

dilation of the spinal vessels, coupled with infiltration and miliary 
hemorrhages; Matthes" also found in the spinal cord extensive hemor- 
* nd | d T w ° l "r tfd Jwnorrhages, coupled with “enormous" 

enlargement of all the small blood-vessels—a condition which the author 
***"■* " hypeiwniia, and not to the tetanus poison. Of course, all 
inclu «"ff. thos e of the vowels, being abnormally contracted 
duri ng spas m, the blood-pressure Is higher during the latter than during 
•b* - et . that the blood-pressure is high 

during the entire course of the disease and that this Is due to Irritation 
of the spinal cells. 
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As to the participation of tne sympathetic orator In the proms, 
«• hare aeen that Cyou produced apaam by exciting thia organ, i.*., the 
seat of the general ejmpathetio center, aa l have pointed out. These 
fibers, alter leaving the pituitary and the nucleus above, pass posteriorly 
along the walls of the ut!rd ventricle. This accounts for tin muaeular 
movements noted hy Fkmronn, Bechterew, Weber, Ferrler and others 
on writing the walls of the third ventricle. Ziehen," moreover, found 
that removal of the hemispheres In rabbits and excitation of the remain¬ 
ing structures, including the corpora quadrigemlna, caused prolonged 
tonic spasm. PruaP then found that when the pyramids had been 
divided, the spasmogenic impulses passed by way of the base, e.g„ the 
t ymntnm and pone, an observation confirmed by BiachoiT,* liering 
and others. 

Haring , 41 In experiments which included twenty monkeys, ascer¬ 
tained that after division of the pyramids in the latter animal it was 
impossible “to inhibit a tonic spasm in the isolated extremity.” In an 
extensive aeries of experiments, Nino Bamaja a recently showed, in fact, 
that in the higher mammals tonic convulsions were “exclusively duo to 
Impulses from the bane of the brain, the path, we have seen, of the 
sympathetic filaments derived from the pituitary body. 

*The presence of marked hyperamia of the apinal system Is 
oenerally recognised. Thus Ewing , 4 referring to the spinal cord of a 
rase by him, states that “the capillaries were everywhere 
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the floor of the fourth ventricle." 


When the accumulation of toxic wastes in the blood exceeds 
a certain limit, the teat-organ incites a protective reaction 
through the adreno-thyroid center.* A large quantity of auto- 
antitoxin suddenly invading the blood, tlie existing hypersensi- 
tiveness of all nervous elements, central and peripheral, ia in¬ 
creased, owing to the increased rapidity of melaliolisin, and a 
spasm occurs.* Indeed, the spasms should not l>c regarded as 
constituting the disease as the term “tetanus” suggests; they 
represent a terminal phase of the disease, when the accumu¬ 
lation of poisons in the blood has become so great that a supremo 
physiological effort is necessary to destroy tliem.* Kach spasm 
represents such an exacerbation of protective activity.* 

The increase of auto-antitoxin in the blood lieing itself 
paroxysmal, as in all convulsive disorders, the erethism and 
sensibility of the apinal and cutaneous nerve-cells are also 
paroxysmal. Yet the paroxysm is not due to direct excitation, 
by the auto-antitoxin, of the cerebro-spiiial cellular elements; 
these are merely rendered still more irritable than before.* The 
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true spasmogenic factor la the skill, owing to the pteaence therein 
of the sensory nerve-endings, which, more eaailj than other 
nerve-elements, axe capable of provoking reflex motor spasm. In 
other words, the wave of auto-antitoxin acta aa- an endogenous 
excitant, much aa would one of the exogenous excitants, a touch, 
a noise, etc., on the surface, and a reflex spasm follows.* 

The aoeumulnUon of adrenooddass and the resulting rise of 
temperature nary considerably in different eases, the adrenal e nt er 
being sometimes unable to mat with sufficient rigor to Blaster the 
situation. D’AnoDnl" not only observed in some experimental animals 
a rise of 40* to 41* C. (104* to 108.8* F.) and above, but ha stataa that 
the spasms* "ssmspond exactly with the ftmerproduetiona fat the tber- 
rnogueolo.” This clearly chowc that while a continuous febrile proccaa 
waa pre sent, the apesma coincided with‘the exaeerfaationa of that proceaa, 
in accord With my oonoluaiona. Indeed, Thaon" reeently found dear 
signs of overactirity of the pituitary after death from tetanus. 

The fundamental exp erimen t or Helen, that auppreaakm of the cord 
In fraa p revente d all reflex response always obtained on irritating the 
akin, u complemented by the well-known fact that the application of 
cocaine to the akin prevents the eouvulskm of strychnine. Oounnont 
and Doyon,* working in the laboratoriea of Arloing and Moist, pointed 
oat, niter exhaustive experiments in frags, guinea-pigs, rabbits and 
dogs, that the spasms of tetanus were aleo reflex and produced by 
irritation of the peripheral sensitive nerve-endings—a view sustained 
experimentally by Brunner* and others. Moreover, Oounnont and 
Doyon adduced considerable testimony showing that the sup p osed 
tetanic poison was not such and that a chemical phase existed between 
this poiKm and the spasm. Though they failed to discern the identity of 
this intermediate substance, their" experiments im po sed the conclusion 
that they were "newly formed In the body" as shown below. 

Etiology.—The primary cause of the disease in traumatic 
tetanus is the presence in the tissues of the tetanus bacillus, 
found in the soil and in the pus of wounds of individuals suffer¬ 
ing from the disease. It occurs mainly in garden soil contain¬ 
ing manure, in the superficial dirt of streets, roads, stables, etc., 
and enters the tissues when these are lacerated—even though 
the injury be alight—with what soil penetrates the wound. 
An injury pf the hands when they are soiled may thus initiate 
tetanus, while a sharp object such as a nail, a piece of glass, etc., 
which has lain in the dirt, on penetrating the foot may also in¬ 
troduce therein the pathogenic germ. It may likewise be intro¬ 
duced during vaccination, the surgical use of gelatin, etc. 
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Tetanue neonatorum, which ensues when the umbilical cord is 
not properly cared for, the tetanus following vaccination and in¬ 
jection of antitoxin, in suTgical operations, etc., are all caused 
by the bacillus tetani. 

Idiopathic tetanus is also ascribed to the tetanus bacillus, 
which is thought to penetrate the skin or mucous membrane by 
some undiscovered injury. As it has been found in large quan¬ 
tities in the faeces, it is thought to be a host of the tissues, though 
not of the blood itself, and to multiply when exposure to cold, 
and other conditions which lower the resistance of the tissues, 
favor its multiplication. 

The bacteriology of idiopathic tetanus Is still very obscure. Yet 
In the light of my views, cold, exposure, etc., may well facilitate the 
multiplication of germs present in the tissues. Thus, Pisdal - found 
the bacillus tetani In the faces of stable attendants. leucocytes being, 
as we have seen, the intermediaries between the intestinal canal and the 
♦Ihm, the manner in which the germs may be transported to the latter 
is obvious.* As cold inhibits proteolytic activity by lowering the tem¬ 
perature of the ferment, the eipitiw activity of the leucocytes may 
itself be impaired and the—-extremely resistant—tetanus bacilli reach 
the tissues unharmed mod quite able to multiply.* 

Once in the tissues, the bacillus remains at the seat of 
infection and multiplies tit situ. Here it secretes a very poison¬ 
ous toxin, which increases in quantity gradually as the multi¬ 
plication of the germ progresses, and the time finally arrives 
when the blood contains a sufficient amount to initiate the 
terminal phase of the infection, i.e., tetanus. 

The toxin of the tetanus bacillus 1 b not, as now believed, 
the direct cause of the spasms witnessed during the disease.* 


Considerable Importance le now attached to the presence of tlio 
toxin In the nerves themselves, besides that found in the blnJ, a fast 
demonstrated by Brusohettini, In ISM, and confirmed by Marie - and 
others. Since I have shown," 1 however, that the blood-plasma circulates 
In the nerves, i.e., In the axis-cylinders, the presence of toxin in thorn 
becomes a normal pheno m e n on. As Gumprmbt found It also In the 
neural lymphatics, it evidently enters likewise the tissue lymphatic* 
and may thence be readily earned to the blo od-st ream and 
nerve*/ Marie and Morax" In fact, after inject I no a tenfold fatal <fem 
In the leg-miieolee of guinea-pigs, found the toxin tenths 
sciatic nerve of the corresponding eld s., w 

axis-cylinder* took up the toxin eentripetony^bj dl reet ton tau mnjby 
the Mood-plasma. Meyer and Ransom" confirmed these ooeervanons. 
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As Interpreted from i ay standpoint, theee phenomena meraty enrempUfj 
the manner In which any poison enters the neural elements with the 
plasma. Indeed, we have seen that lieltaer showed that methylene* 
blue entered the axis-cylinders at either end. 

That the toxin of the bacillus tetanl is not the direct cause of the 
spasms of the disease Is shown in various ways. (1) When Injseted 
into nerves, as observed by several Investigators, it evokes spasm of the 
oorresr- ^dlng extremity or region supplied fay that nerve or fay the spe¬ 
cial cells reached fay the poison. This is not the cose In tetanus; while 
the muscles around the wound may bo somewhat spastic, the spasms 
of tetanus begin In the face or new (hence the term “lockjaw”), even 
though the source of the toxin, the injury, be In the foot—-anywhere, 
in fact. (S) Mayer and Ransom found that when Intr od uced directly 
Into the posterior root of a spinal nerve between the posterior ganglion 
mid the cord, the toxin caused excruciating pain. In tetanus no such 
pain appears, notwithstanding the predilection of the toads for the 
spinal giuy substance. (3) As observed fay Counnont and Doyen, a 
certain does Is fatal to an animal after a period of Incubation; this 
does may bo increased to any extent, one hundred fold, even, without 
shortening this period. In the case of true spasmogenic poison, strych¬ 
nine, for Instance, the larger the dose, the sooner death occurs. (4) 
Meyer and Ransom found that when the toxin was Injected In a vein, 
a period of incubation of three or four days was followed by true 
tetanus. Why this delay, if the toxin produces spasms fay acting di¬ 
rectly on the nerve-eelisT It cannot be ascribed logically to delay in 
reaming the central system, since a sufficient dose of strychnine intro¬ 
duced in the same way produeee spasm In a few minutes. This Is 
further emphasised by the fact that the lethal activity of tetanus train 
according to Lehmann and Neumann** is from 30 to 100 times greater 
than that of strychnine. 

The first effect of the soluble toxin is ttf stimulate the test- 
organ, the adrenal center—an auto-protective reaction.* As 
a result, there occurs an abundant production of adrenoxidase, 
and therefore of auto-antitoxih in the blood,* and, in robust 
individuals, moreover, a marked leueocytoeis. The success of 
the immunising process depends upon the" efficiency of this 
auto-protective function,* and to some extent upon the quantity 
of infectious material introduced. It Is probable that most 
wounds in which soil has penetrated are contaminated, and that 
the great majority are not followed by tetanus only because the 
antitoxic and phagocytic properties of the blood can successfully 
cope with the bacilli and their toxins from the outset.* 

Courmout and Doyan, we have seen, concluded after many experi- 
inenta that tetanus was caused by soluble substances “newly formed in the 
body,” under the influence of the toxin. Though unable to Indicate their 
source or identity, they also found that when a dose of extract of tbanes 
containing tetanua toxin (extract of norma! tisanes giving no result) 
too small to eanse death waa injected Into an animal, ita hkiod soon con¬ 
tained “In abundance 1 ’ a spasmogenic soluble substance. Of this sub- 
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■finrn ttav eay» “It reaisfa prolonged boiling, although the products 
of tho bacillus become inactive above a temperature of 86* C. These 
rsoalts have been eonflnned by Buschke and (Sergei" and by Blumenthal." 
Now, we have repeatedly seen that oxidase alone stands boiling without 
i»a«»g destroyed, and that It can Itself provoke tetany by enhancing 
excessively the energising properties of the blood and the Irritability 
of nervous elements, peripheral and central. It la plain, therefore, that 
tetanus toxin can, m small ims, powerfully stimulate the adrenal 
center, in., the auto-protective functions of the body. 

The phagocytic properties of the blood are also greatly Increased, 
and Ifetehnikoff, Vaillard and Vincent?’ and others have shown that, 
favorable conditions, phagocytosis sufficed to arrest tha morbid 


When tiie protective resources—phagocytes and auto-anti- 


toxin—of the body are unable to destroy the pathogenic germs 
and their products os fast as they increase in the blood, the 


'toxin depresses and tends to paralyze the functional efficiency 
of the adrenal center.* By thus inhibiting the formation of 


adrenoxidaae, and therefore of auto-antitoxin, the toxin prevents 
the destruction of physiological wastes which include several 


intermediate toxic bodies.* 


Striking, in this connection, ia the testimony of physlolagknl chem¬ 
istry. fW 1 * 1 *-, we have seen, is a soluble globulin mixed with tha 
blood's serum albumin. Chittenden," referring to the tetanus that fol¬ 
lows thyroidectomy in animals, savs that “in the period preceding the 
convulsions the preeentage amount of serum albumin Is Increased aid 
the globulina decreased.” Now, the symptoms of the period of Incuba¬ 
tion, chilliness, actual rigors and hypothermia, yawning, lassitude, etc., 
clearly point to the time when, overwhelmed by the accumulated toxins, 
the adrenal center is losing ground and reducing wsivcly, therefore, 
tho oxidase supplied to the blood. ■ Injected toxin sometimes evokes 
nothing but such sy mp tom s, causing extreme hypothermia and death, 
aa observed by Blnotr DOnitX" also obtained, by large doses in su* 
eeptlble ■wlmals, great wasting with occasional convulsions and Anally 
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pathogenic agents of the disease, since they are the irritants 
which cause the vasomotor and sympathetic centers to become 
hypersensitive in the manner defined under the preceding head¬ 
ing.* 

As tetanic spasms always occur (in carnivora) after experimen¬ 
tal thyroidectomy, they cannot be ascribed to the tetanic toxin, or to 

E icon of external, origin. Borne toxic substance formed in the body 
nlf can alone, therefore, be accountable for the intense Irritability of 
the spinal cells which renders the occurrence of seizures possible under 
the least excitation, extrinsic or intrinsic. The prevailing view at the 
p re s en t time is that of Victor Horsley," Blumraich and Jacoby" and 
others, te, that the spasms are due to "one or more toxic substances 
tending to accumulate in the blood” (Schafer"). Referring to the teta¬ 
nus of experimental thyroidectomy, Chittenden" also says: "It would 
appear that in the first stages is an abatement of the metabolism of 
the tissues, followed by an increase, and that possibly in the incomplete 
breaking down of the protold material, intermediate tonic product* 
appear whioh are the cause of the oaokecria." 

Prophylactic Treatment.—Notwithstanding the hopeful 
outlook once afforded by the scrum or “antitoxin" treatment, it 
haa signally failed to influence the mortality of developed cases 
of tetanus, «. 0 u, about 80 per cent., while that of the 4th of July 
tetanus, the toy pistol, fire-crackers, etc., is 95 per cent. As 
a prophylactic, however, antitoxin is of undoubted value. The 
highest mortality occurs within the first seven days after the 
onset of the convulsions; after this the chances of recovery 
increase in proportion with the duration of the disease. 

In their study of the reports of 1201 cases, Anders and Morgan" 
state that "as a means of prophylaxis the serum has been fully, tested 
both in America and abroad, and there Is "uniform agreement that 
'antitoxin does protect’ in every case.” They also conclude, however, 
that "on the other hand, the present status of the serum question 
leaves no room for doubtirg that when given during a well-developed 
case of tetanus, antitoxin does not have any appreciable beneficial 
effect, neither the mortality being reduced nor recovery hastened thereby.” 
In the 870 c as es in which the duration of the disease had been given in 
the, report, the highest mortality occurred on the seventh day. From 
the tenth day gradually, and the fifteenth rapidly, the mortality 
dec re ase d . 'Jacobson and Pease," after a comprehensive study of re¬ 
ported c a se s , conclude that "as a prophylatie measure it merits our 
fullest confidence.” 

The nndiminislied mortality of tetanus notwithstanding all 
the work done in recent years emphasises the great importance 
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of surgical prophylactic measures. All injuries in which con¬ 
tamination is probable should at once be carefully asepticized, 
opening freely under anaesthesia if required, until all tissues 
reached by the destructive agent, and all local detritus, foreign 
bodies, necrosed tissue, etc., are brought to view. The edges of 
the wound Bhould be retracted and all tissues exposed to the 
air (the tetanus bacillus being killed by oxygen) and finally 
washed out with hydrogen peroxide injected into every recess of 
the wound. The next procedure is to apply a thick layer of 
antitetanic serum to the thoroughly disinfected surfaces, pre¬ 
ferably in the form of powder of the dried serum. The wound 
should 'then be dressed. Complete but loose iodoform gauze 
packing—thus permitting the access of air to the tissues and 
free drainage—has given the best results. 

J. Alison Hawkes, of Melbourne,” found hydrogen peroxide of 
value in a ease in which the soisurea had already dcveIo|mi. The power¬ 
ful oxidising properties of this agent render it invaluable in this con¬ 
nection. The local use of powdered antitoxin is considered by Letulle n 
a positive preventive. Calmette and also McFarland” observed that 
though not absorbed from the skin or mucous membranes, antitetanic 
serum, even when dried, was promptly absorbed by denuded surfaces, 
wounds, etc., and conferred immunity on animals. Cauterisation of 
the wound should be avoided; the eschars tend to close It, and thus to 
provide the tetanus bacillus the environment it requires to pullulate, 
M., one deprived of oxygen. 

Agents Wnicn Increase the Bactericidal and Anti-' 
toxic Properties of the Blood. —The marked prophylactic 
value ot' antitetanic scrum is due to the fact that it increaaca the 
relative proportion of auto-antitnxiD, from which, aa I have 
shown, it does not differ in general composition. Its action ia 
the same on the bacteria, their spores and their toxins. Aa 
soon aa the wound is dressed, therefore, at least 10 c.c. 
(S 1 /, drachma) of American serum should be injected into a 
vein. An equal quantity should then lie injected each day. 
When the injury ia extensive, or if considerable laceration of tis¬ 
sue have occurred, the dose should be larger. 

The now established value of antitetanic serum as a prophylactic 
sustains the remarkable results obtained by Nocard. 14 who administered 
two injections of antitetanic serum to each of 2707 horses, after such 
o per a tions as castration and docking, and to 2300 and then again to 400, 
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ana to four dan after accidental wound* and i njuriea. _ Om obIt had 
a alight attack of tetanus, from which it i»°“ 1 

wu one In which tatanua waa very rife, and in the aameperfod 2W otter 
horses, many of them from the same a tables aa those that he thua 
[wmmilml, died from this < 


Ah thyroid gland, aa shown below, promptly arrests the 
tetanus that follows removal of the thyroid, and this form being 
similar to the typical tetanus, it is indicated in the latter, in 
5-grain (0.3 gm.) doses three times daily in adults, as a prophy¬ 
lactic.* It stimulates powerfully the adrenal center and there¬ 
fore increases correspondingly the proportion of adrenoxidase 
in the blood.* But it is only as a prophylactic that it can be 
given in full doses. 

All agents which stimulate the adrenal center, though in¬ 
ferior to thyroid extract, are capable of augmenting the anti¬ 
toxic properties of the blood and cannot, therefore, but be of 
value as prophylactics.* The iodides produce effects similar 
to those of thyroid extract, but less rapidly; at least 10 grains 
(0.64 gm.) should be given three times daily to adults, to evoke 
rapidly its physiological effects.* Biniodide of mercury, *4 
grain (0.016 gm.), three times daily, closely watched to avoid 
salivation, also powerfully stimulates the adrenal center.* 
Other agents of the same class, referred to below, are also en¬ 
dowed with properties which render them suitable as prophy¬ 
lactic agents. 

Treatment of Developed Tetanus.—Once the disease has 
reached the last stage, i.e., that attended with spasm,* anti- 
tetanic serum', we have seen, docs not influence favorably its 
lethal tendency. The main reason for this is that the amount 
introduced in the blood, even in the largest doses, is often inade¬ 
quate to compensate for the deficiency of adrenoxidase and, 
therefore,-of auto-antitoxin, which the depressed condition of 
the adrenal center entails.* The spurts of activity of which 
this center is the seat* arc sometimes sufficiently violent, even 
under these conditions, to overcome the toxaemia, but the mor¬ 
tality ratio shows that in the great majority of cases this re¬ 
sult is not attained. The aim, therefore, should be to supple¬ 
ment the action of the antitetanic serum by that of auto-anti¬ 
toxin; this may he done by the simultaneous use of thyroid 
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gland in fall doses, adjusted, as stated below, to the needs of 
.the auto-protective process.* It is capable alone, in fact, of 
arresting tetanic convulsions. 

The tetany that follows thyroidectomy often assume* the character 
of true tetanus. Even when the disease Is well advanced, the spasms may 
be promptly arrested with thyroid extract, as shown by Vassnle n anil 
Gley" and many other Investigators since, as is well known. This 
win likewise to the active ornanic principle of the thyroid, iodothyrin. 
liras, Hofmelster” found that Iodothyrin cuts short the symptoms that 
follow removal of the thyroid, including the convulsions, llauiuann and 
Goldnuum'" showed, moreover, that thyroidcctoniiscd dogs do not suffer 
from tetania convulsions so long as adequate doses of induthyrin are 
administered, and that they recur when the iodothyrin is withdrawn. 

The introduction of the antitetanic serum into tlie nerves, 
the spinal cord or the brain, tends to induce shock and further 
to depress the adrenal center; and as, on the whole, such severe 
procedures have not lowered the general mortality of tetanus, 
they are not recommended.* Conversely, as the antitetnnie 
serum, on entering the blood-plasms, circulates with the latter in 
the axis-cylinders, its intravenous use insures its penetration to 
all the irritable nerve-elements, central and peripheral, with far 
more certainty than do the above-mentioned procedures, which 
tend to localise its action.* Not less than 10 c.c. (2*/, 
drachms) of the serum should be injected at a time, preferably 
into the median basilic vein; and, in order to sustain its ac¬ 
tion, this dose should be repeated every three hours. If tlie 
temperature is but little above normal, which indicates that the 
auto-protective processes are inadequate,* larger doses should lie 
given. 


Impar and Oppenheim,™ in a study of 208 cum, Including S of 
their own, 50 of which wore treated by the intracerebral method and 
144 by intravenous or hypodermic Injectfe®*, found the mortality greater 
in the former, even in caoee of equal severity; they concluded moreover, 
that the intra c erebr a l injection! were not devoid of danger. Oibb“ 
reported a ease in which It caueed a fatal cerebral ibwtw. Meyer and 
Ransom regard intraspinal injections ae of no greater value than the 
intravenous or hypodermic method, while the anatomical relation* are 
■uch, u shown by Browning,* that there i* but little absorption by the 
spinal cord proper from the subarachnoid spree. On the other hand, in 
the Intravenous method, the eeram in first taken to the heart, and in 
lean than SO sec ond* ie distributed ev e r y where. Very large d onee may 
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aafely be Injected in thU manner (Avoiding the Introduction of air) i 
Kosher,” far instance, injects SO ca (11% drachms) at a time in the 
basilic vein. Doubtless maw cases are lost beca u s e too little 
serum Is supplied to the'blood to enable it to cope with the di sea se . Kit¬ 
ing - injected 350 ea (nearly 18 ounces) in 24 hours in a ease which 
terminated favorably. Hoea Engelmannf bolds that the ineffectiveness 
reported is due to insufficient doses. As my analysis of its composition 
■bows, it is quite harmless, notwithstanding its marked antitoxic power. 

The supplemental use of thyroid gland is indicated when, 
notwithstanding the intravenous injection of large doses of 
aerum, the temperature remains comparatively low. A dose 
varying from 5 to 10 grains (0.3 to 0.64 gm.)—the lower the 
temperature the larger the d me —may be given every three 
hours at first.* After a couple of doses, the temperature should 
begin to rise.* In this event, the effects should be carefully 
watched, since the increased metabolic activity engendered by 
the thyroid may, we have seen, increase the number of con¬ 
vulsions, when either of the measures indicated below to con¬ 
trol the latter should be resorted to. Should the temperature 
not rise, the thyroid gland should be given steadily, the dose and 
its continuance being regulated according to the effect produced.* 
If antitoxin cannot be obtained, thyroid gland is capable of 
replacing it by administering large doses at short intervals.* 

Experiments have shown, as is well known, that when Injected 
soon after Infection with many times the lethal dose, antitoxin will 
save the poisoned animal; As the time elspeed since infection Increases, 
however, larger doees are required to do so, until a time is reached when 
antitoxin will lose its effect entirely. It Is in such cases that the tem¬ 
perature will not rise.* Thus MOfieraP* used large doses in four eases 
within SO hours after the first symptoms of tetanus had appeared; yet 
all died. Hq specifies, however, that all were free from raver. Con¬ 
versely, Anders and Morgan, in the statistical paper already r e ferred 
to, write: "Hyper p yrexia was noted In two eases of our series; thla is 
supposed to be an ominous sign, bat both instances ended in recover y .” 
In a ease rep o rted by Lndorthe temperature, 105.8* F. (41°C.), fell 
soon after pvlng antitoxin, and the cass steadily improved. It is pre¬ 
cisely this curative process that thyroid extract evokes in experim en tal 
animals. Thus, as emphasised by Hutchinson” and others, all the sys¬ 
temic oxidation proBesaas are increased by the use of thyroid extractives. 
Magnus Levy” and SehotaF found that they increased the consumption of 
oxy g e n and the pr o p o rtion of carbonic acid e xc rete d . Waato-produets of 
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■afeholbm being, as we kn mho, the direct Irritant of the eantial 
nernheella, and the eauae of the eoavnUouk thaw an evidently de str oye d 
—along with the tetanus bacillus and their - toxin—since Mendel, Rods, 
Kapler, Ord Voltf* and other physiological chemists have noted that thy¬ 
roid extract in cr ease d the excretion of md-produets of metabolism. 
Diuresis is likewise Increased. 

The diet is an important feature of the treatment. Meats 
should be withdrawn aa a prophylactic measure after injuries 
involving the possibility of tetanus, and a milk diet should be 
insisted upon in developed cases.* Experimental physiology 
suggests also that total abstention from animal food, feeding the 
patient solely on cereals and other vegetable foods, is even bet¬ 
ter than the milk diet.* 

Brieasohct* observed that dogs fed on milk bore thyroidectomy 
'better than those given meat, and that their convulsions were fewer. 
Hunk, Allara," Ewe Id end others found that thyroidectomy wae not fol¬ 
lowed by morbid results In horbivora. So great is the morbid influence 
of animal food in this connection that it almost imposes itself as the 
sola cause of the convulsions. 

The viscidity of the blood being increased, especially dur¬ 
ing the convulsions, ealine solution is indicated as it is in other 
febrile processes.* It may be used as a beverage or injected 
intravenously, subcutaneously or rectally, and in large quan¬ 
tities. By promoting osmosis and diuresis, it facilitates greatly 
the elimination of the blood-poisons. Blood-letting or brisk 
ealine purgation has been found of value as a preliminary to 
the use of saline solution. 

Wo have wen that the febrile process tends to reduce the osmotic 
p ropert y of the blood, i.e., to Increase Its viscidity. Chittenden" states 
that “if the blood Is taken for examination during a convulsive leisure," 
referring to the tetanus of experimental thyroidectomy, “It Is thicker, 
ewifalw mote solid matter as well as iron sad hemoglobin.” Since, ns 
I have shown, adrmxnddaw is the albuminous portion of the hwmogtabin 
molecule, the increase of the latter is accounted for; but the fact 
remains that its viscidity is increased. Hence, the marked benefit 
through injections of saline solution by many clinicians. A 
most convincing tost of the value of saline solution Is given by the 
experiments reported by Mathews** “Rabbits wen injected with fatal 
doew of tetanus toxin, and 48 to SO hours after the injection, when the 
* sy mpto ms of the disease were just appearing; saline infusion was given. 
In nearly all cases. If taken early, the animals survived, while the con¬ 
trol ewimala died. In well-advauced anew the ealine Infusion was found 
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to be uietem.” As observed clinically by MoOsoar," “free dlureele fol- - 
lowed the use of Milne/' which means a free elimination of ton ics, since, 
as shown by LaulanlA,** Oley" and others, the blood of tetanic anim a te 
is more tonic than that of normal ones. Free preliminary blood-letting 
has been found beneficial by many, owing doubtless to the elimination of 
tonic wastes and the greater dilution of thoee remaining in the blood 
when the Milne solution is introduced. 

The carbolic acid method recommended by Baccelli haa 
given better results in developed tetanus than antitetanic serum. 
It is a mistake to believe, however, that “heroic” doses of car¬ 
bolic acid can be administered with impunity. Such doses tend 
to depress the adrenal center precisely as does the tetanus toxin, 
probably because some of it becomes converted into oxalic acid 
by the adrenoxidase in the blood. Sudden progressive weakness 
and convulsions, which are also spinal in man, suggest an un¬ 
favorable change in the disease, whereas, in truth, the case has 
been transformed into one of carbolic acid poisoning.* The 
best results have been obtained by using a 2 to 3 per cent, solu¬ 
tion, divided in small doses injected hypodermically every two 
or three hours, so as to give from 3 to 7 grains (0.2 to 0.5 gm.) 
in the twenty-four hours. Such doses stimulate the adrenal 
center actively.* 

Italian physicians have obtained better results than those of other 
countries. In 75 cases collected by D. 8y miners" from the literature of 
vnrious countries, including 33 cases treated by Ascoli," the mortality 
was but 22.U6 per cent. The SI acute cases of the whole series, ije., 
those in which the Incubation was within ten days, and which usually 

I trove the most fatul, gave a mortality of only B.5 per cent. It requires 
arge liases to paralyse the adrenal center, but not In all eases. In a 
rhild Kbhardt" observed intense, though non-fatal symptoms of poison¬ 
ing, though but 3 grains (0.1B gm.) were being given la the twenty- 
four hours. Sometimes carbolic acid prorad curative where antitetanic 
scrum had failed, as shown by the ca s es of Laplace,"* Wagoner"* and 
others. Deplsno, 1 * Maatrl 1 "* and Fabrlque"* recorded aeven successful 
casqa In which carbolic add alone was used. 

Other agents have been used more or las successfully, in 
lieu of those reviewed above. Those that have given satisfac¬ 
tory results in the few cases in which they were tried have 
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been the iodides, but only in veterinary medicine, which stimu¬ 
late the adrenal center;* and creosote, 20 minima (1.3 gm.) 
dissolved in 1 drachm (4 gm.) of olive-oil given subcutaneously, 
twice daily, which fulfills the r61e of carbolic acid. Various 
preparations of mercury, including calomel, have also ltccn found 
effective, especially when the patient was rapidly mercurialized 
and kept so under small doses; this metal is next to iodine in 
stimulating the adrenal center.* 

Creosote, uned in the manner indicated, turned the tide in ■ cane 
which «u steadily Kinking under the aerum folkneed by carbolic arid 
injections, treated by lliggiiMOii. M "Mercury.” administered to the 
extent mentioned and in conjunction with chloral, in credited with the 
recovery of three cases treated fay lentaignp. 1 " Stoker” obtained a 
similar result. These eases are too few to warrant a eoneluaion, but, 
in the light of my views, they indieate that the measures merit further 
trial. 

Dbdqb Which Control Spasm by Duphrmino thk Vas¬ 
cular Centers. —The convulsions, though the expression in 
in part of a protective process, arc dangerous, liecausc the aug¬ 
mentation of auto-antitoxin—which differs in no way from that 
produced in other fevers—coincides with excessive irritability 
of nerve-centcra which characterizes the disease.* The aim. 
therefore, should lie to reduce this irritability, hut without 
diminishing the efficacy of the remedies which directly or indi¬ 
rectly destroy the pathogenic toxin and toxic wastes.* As theso 
provoke their harmful cffccta by irritating mainly the vasomotor 
and sympathetic centers, drugs which tend to depress or anaes¬ 
thetize, as it were, theae centers, are indicated.* We have in 
chloral hydrate, the bromides and veratrum viride precisely 
auch drugs. Used indiscriminately, however, they may do more 
harm than good. Thus, many convulsions may coincide with a 
low temperature; the febrile process lieing inadequate, the 
blood-poisona steadily increase and the rentral irritability like¬ 
wise—the cause of the repeated spasms.* The adrenal center's 
.apurts of activity are obviously for the time being, at least, in¬ 
adequate to stem the tide. Chloral, or either of the above- 
named agents, by depressing the activity of the vascular centers, 
will cause relaxation of all the arteries of the body and pro- 
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duce, therefore, an accumulation of blood in the greater vessels, 
at the expense of the capillaries.* As it is in the hepatic and 
cutaneous capillary systems that the antitoxic, process is mainly 
carried on, chloral thus facilitates the accumulation of toxins 
and toxic wastes and compromises the issue.* 

It is evident, therefore, that vasodilator remedies, 
chloral, the bromides or veratrum viride, should not be given 
when the temperature is low, and that the aim should be to 
hasten the destruction of toxins and toxic wastes by rapidly 
increasing the dose of serum, thyroid extract or other remedies 
to that effect.* To antagonize the spasms, amyl nitrite may be 
used, the inhalation of a few drops just as the spasm is coming 
on rarely failing to arrest it; its action being ephemeral, it does 
not antagonize the antitoxic process to any extent.* 

The physiological effects of t.-e bromides and chloral clearly point 
to the recession of blood from the periphery, and the consequent cutane¬ 
ous hypothermia. "On mammals, 1 ” says H. C. Wood, "the bromide acts 
very much as on frogs, inducing p ro gres s ive paralysis, depression of tem¬ 
perature, and death by asphyxia when given in small poisonous doses.” 
Of chloral, he says: "A most remarkable action of ehloral is on the 
temperature; in this point all observers are in accord with Richardson, 
of London, who has seen the temperature fall 6° F. in a rabbit. .... 
Hammerstein has found that the fall of temperature is very rapid, 0 a C. 
in an hour, and that it occurs in animals well wrapped up and laid in 
a warm place." Fortescue-Brlckdale, 1 ** referring to Ore's treatment of 
tetanus by very large doses of ehloral given hypodermically, states that 
"in all about 30 to 40 ca se s are an record, but the dangers of the method 
were eventually .found far to outweigh its usefulness.” Why should 
such doses not master the disease if all that is ne c essary is to prevent 
spasm T The mode of death in cases thus treated answers the question. 
"AbM’s patient,” for instance, “became oyanaeed after one injection of 
lu gm. (160 grains), and after consciousness was restored died in 
tetanic spasms/’ During this peaceful sleep toxins and toxics had 
accumulated to such a degree that he only awoke to die. 

Chloral may be used to advantage, on the other hand, when 
the temperature is. high, to offset the excess of vasoconstriction 
which crowds the blood to the periphery and into the spinal cells 
as well.* The dose should be regulated, therefore, not with the 
view to materially reduce the temperature, which indicates the 
presence in the capillaries of an abundance of auto-antitoxin, 
bnt to overco m e the enormous and artificial vascular tension 
which exposes the patient’s life, especially during the seizures.* 
Important in this connection, however, is the fact that the vas¬ 
cular centers, owing to extreme irritability, do not yield to the 
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Influence of ordinary doses; 80 grains (1.3 gm.) every four 
hours are usually required to produce any effect in an 
adult. If such or larger doses do not lower the temperature 
materially, although they reduce the number of seizures, they 
may be regarded as beneficial without interfering with the cura¬ 
tive process.* 

Tbs resistance of the vascular centers, when hyperirritable, to the 
benumbing effects of chloral ie illustrated by Maberly e ,w successful esse. 
In which 20 grains (1.S gm.) every three hours proved futile. On 
increasing the dose to 60 grains (4 gm.), however, the spasms were con¬ 
trolled without reducing the temperature, thus showing that the enor¬ 
mous vascular tension alone had been mastered. That chloral can reduce 
the temperature in tetanus may be illustrated by Llewellyn's" 1 case. In 
a boy aged 11 years, in which 20 grains (1.3 gm.) every four hours 
brought the temperature from 103* P. (30.0* (■.) to below 101* P. 
(38.5* C.), “the pulse occasionally dropping to nearly 80." 

The same principles govern the use of the bromide*, but as 
these salts, when given in large doses, also depress the adrenal 
center,* they should be used only when chloral loses its effect. 
The beat results are obtained by combining the potassium, 
ammonium and sodium salts, the latter forming one-half of the 
dose. Veralrum viride is endowed with properties similar to 
those of chloral hydrate and docs not depress the adrenal cen¬ 
ter. Large doses are also required. In prescribing this remedy, 
* the fact that the tincture as now prepared (1905 U. 8. P.) is 
four times weaker than formerly should not bo overlooked. 
Curare has been recommended by some observers and con¬ 
demned by others—owing, doubtless, to the very unreliable 
preparations available in the average shop. This applies like¬ 
wise to phyeosligma, «.<*., calabar bean. 

Tn the case of a boy of 11 years, flrinncll"* found hourly dam of 
the older tincture ineffectual with similar dm*** of the fluid extract of 
gclaemium. It was only when three drops of each, i.r., 12 drops of the 
new IT. 8. P. tincture of veretrain, were given hourly that the spasms 
were controlled, the case ending favorably. 

Drugs Which Conthol Spark by Causing Constriction 
op this Pkkifhbkal Abteuioleb. —The drugs are useful in that 
they Increase the effects of those just reviewed. When, for in¬ 
stance, chloral has dep re s sed the vasomotor centers sufficiently 
to cause recession of the peripheral blood, morphine given hypo* 
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denuically in ordinary doses will stimulate the sympathetic cen¬ 
ter sufficiently to arrest the propulsive activity of the arteriole^ 
and, by thus reducing the caliber, limit still further the quan¬ 
tity of blood admitted into the capillaries. When, therefore, 
chloral is beginning to lose its effect an occasional injection of 
morphine may be used advantageously to sustain it. Antipyrin 
and acetanitid act in the same way. 

It would appear as If the central erethlem would render small 
doses of morphine adequate to stimulate the sympathetic center; but 
such is not the case. Trousseau and Pidoux" 1 many years ago held that 
large doses were alone effective. This is readily accounted tor, however, 
when the marked vascular tension present in tetanus is taken Into 
account. Unless violently stimulated, the arterioles cannot contract 
upon the tense arterial column. Hence the advice I submit, to give it 
in ordinary doses, but only after the arterial tension baa been already 
reduced. 


EPILEPSY. 

Synonyms. —Failing Bicleness, Falling Evil, Falling Fits, 
Morbus Saner, Morbus Gaducus. 

Definition.—Epilepsy, a chronic disease characterised by 
periodical convulsions accompanied usually by unconsciousness, 
is due to inherited or acquired hypoactivity of the adrenal sys¬ 
tem and to the resulting accumulation of toxic wastes in the 
blood. As this entails a marked rise of vascular tension, an’ 
excess of blood is driven into all capillaries, including those of 
the spinal system and cortex. Both the latter being thus ren¬ 
dered hypcrexcitable, a fit occurs when this hyperexcitability is 
suddenly increased by the appearance in the blood of an excess 
of auto-antitoxin, the result, in turn, of a sudden resumption 
of defensive activity by the adrenal system when the blood be¬ 
comes sufficiently toxic to enforce it. The fit lasts until the 
toxic wastes are converted more or less efficiently into harmless 
and eliminablc end-products.* 

Symptoms and Pathology. —Three types are recognised: 
minor epilepsy, or petit mal; major epilepsy, or liaut mal, or 
grand mal; and Jacksonian epilepsy. 

In minor epilepsy there may be a brief loss of consciousness, 
and perhaps slight domic spasms of the face and limbs, but only 
entailing, as a rule, a temporary cessation of the converse- 
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turn or occupation in which the patient may be engaged. He 
suddenly becomes pale, hia face assumes a blank expression, but 
after a few seconds he recovers and resumes the sentence or act 
he had begun before the spell. Occasionally the patient falls 
into coma which is usually attended with stertorous breathing 
suggesting apoplexy. In minor epilepsy clonic convulsions an* 
never witnessed. 

An attack of major epilepsy is sometimes preceded by ring¬ 
ing in the ears, tingling, general malaise, epigastric uneasiness, 
etc., but a common prodrome is the a urn, which occurs in about- 
one-half of the cases. This may consist of sensory phenomena, 
ue., pain, sensations of heat or cold, or of n breeze striking an 
extremity and traveling upward towards the body; or of aural, 
visual, olfactory or gustatory lia'lucinatioiis, such ns roaring 
sounds, flashes of light, unpleasant odors, etc. Or again, the 
aura may manifest itself by motor phenomena, a marked tremor 
or an irresistible tendency to use the muscles, to gesticulate or 
to run, the so-called “procursive” epilepsy. Finally, it may be 
attended by physical phenomena; sudden terrors, mental exuber¬ 
ance or hallucinations as to the presence of strangers, or bear¬ 
ing upon long-past events, etc. The aura may be very short, 
a few seconds, or endure sufficiently long to enable the patient 
to protect himself against the oncoming convulsion, by sitting 
or lying down. In rare instances it lasts thirty minutes.or 
more. 

All these phenomena clearly betoken erethism, *.#*., undue 
stimulation of the motor or sensory organs involved. 'Hie aura 
is, in fact, the beginning of the convulsive paroxysm. 

Bpratling"* states that “there Is a growing tendency for some years 

K st to regardthe aura aa essentially constituting a part of the epileptic 
“ and considers It as such himself, advising, moreover, that such 
cases be treated accordingly. This conclusion was Imsed on a study of 
1325 eases at the Craig Colony. Of these 45 per rent, had auras. 

When the fit begins the patient usually utters a loud cry, 
due to sudden contraction of the muscles of the cheat and larynx. 
Three symptoms occur simultaneously at this time, i.e., the 
"epileptic ciy,” unconsciousness and fall—the patient dropping 
like a log. A Ionic spasm of all the flexors follows: the legs 
hafaig extended, the fingers, hand, forearm flexed, the head 
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thrown back and turned to one side; the eyes also tom np or 
aside. This rigid state of all the muscles lasts usually but a 
few seconds. 

The transition from the state of rigidity to that of chnio 
spasm is usually marked by a momentary tremor. When the 
true fit begins the extremities are thrown about violently, suffi¬ 
ciently so at times to produce dislocations. The head is tossed 
from side to side, the eyes roll in their oibits, the lids open and 
close rapidly and the tongue is protruded and withdrawn, pro¬ 
vided it is not caught between the teeth by the jaws, whose mus¬ 
cles are likewise contracted with violence—causing disfiguring 
distortions. The bitten tongue often causes the saliva, itself 
converted infax foam by the churning to which it is submitted, 
to become streaked with blood, and the patient is said to "froth 
at the mouth/* The urine and faces are sometimes involun¬ 
tarily voided, owing to contractions of the intestinal walls. The 
pallor of the clonic stage has now disappeared and becomes re¬ 
placed by a dusky, cyanotic hue, the features being swollen, and 
usually, as is the case with the rest of the body, covered with 
sweat. 

This paroxysm only lasts, as a rule, a couple of minutes. 
The violence of the contractions becomes gradually less, and the 
patient lapses into a comatose state attended by stertorous breath¬ 
ing. Finally he falls into a deep sleep. On waking, some lassi¬ 
tude and muscular pain may be complained of, but on the whole, 
the patient, recollecting nothing of the paroxysm, seems hardly 
to have suffered from the experience. Occasionally the full re¬ 
turn to consciousness is preceded by "postepileptic states,” dur¬ 
ing which the patient may perform automatic acts, undressing, 
etc., such as those ascribed to somnambulism. He may also 
become suddenly maniacal and violent, sufficiently so at times 
to commit murder. Marked weakness, paresis, tremor, aphasia 
and' kindred nervous phenomena may also be witnessed, but 
these rarely last more than a few hours. 

These attacks occur with more or less frequency. From the 
practical ly continuous paroxysms, lasting hours and even days, 
constituting the stahu epHepticus, during which the patient may 
die of exhaustion, to the rare instances in which years elapse 
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between the Its, there are gradations innumerable. In the ma¬ 
jority of cases, however, they occur at intervale of a few days. 

A Jacksonian paroxysm is often preceded by an aura, which 
may be motor, such aa tremor or rapid contractions of the toe, 
thumb, etc., first affected, or sensory, tingling, paresthesia, etc. 
The special senses may also be the source of phenomena such 
as those witnessed in the aura of major epilepsy. The tonic 
phase of the latter form is also present, but to a very limited 
degree, and may not occur at all. 

While the spasm may be restricted to a limited number of 
muscles corresponding with a given cortical lesion, the irrita¬ 
tion of the latter often spreads to contiguous motor areas, so 
that several groups of muscles may be involved. It may thus 
creep up the arm to the shoulder and face, and involve the whole 
side of the body; or up the leg, the body, and face; or, again, 
begin at the face and proceed downward Finally, it may be¬ 
come general, when a typical attack of major epilepsy occurs. 
While this gradual progression occurs, the patient remains con¬ 
scious and it is only when certain regions, including tho face, 
are involved, that consciousness is lost. After the paroxysm, 
which lasts but three to five minutes, the region affected may 
be numb and paralysed and remain so from a few hours to sev¬ 
eral days. After a time this may become permanent. 

Etiology and Pathogenesis.—The tonic spasm is produced 
in the same manner as the corresponding though more severe 
spasm of tetanus* ( 7 . 0 .). Instead of terminating as such, how¬ 
ever, it soon lapses into the typical epileptic paroxysm, the 
clonic fit. 

The impulses which cause clonic convulsions are primarily 
derived from the cerebral cortex, the spinal system being used 
as the mechanical intermediary for their production, and are of 
the nature of voluntary impulses to the spinal system.* 

A strlldag feature of this stags Is the similarity of the moveme n ts 
to thorn carried on voluntarily. Tuns, to turn tho eyes from ana direc¬ 
tion to tho other, to throw tho head backward, to bend and unbend tho 
arm at the elbow, an all, at other t im es, voluntary movements. The per- 
tormaneee during the postsplleptie states, which m. Allot Starr tanned 
**psyc hl e a l equivalents/* also point to tho comes of the Impulses that 
oswbs tho mnvyvwsnts, namely, tho aortas. As I have pointed out else¬ 
where, tho latter doss this only by nritlng the a pprop ri ate cells In the 
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spinal mteo, the sole source of motor Impulses. Indeed, Prui“ has 
shown unt excitation of the aortas caused typical convulsions even after 
division of the pyramidal tracts, the impulses passing by way of the teg' 
men turn and pons—a conclusion confirmed experimentally by Blachoff, 
Haring™ and others. Long before, in fact, llagnan 11 * had caused epilep¬ 
tic leisures In animals deprived of their hemispheres, while Vulplan" 
had been led to conclude by a series of experiments that the center for 
epileptic convulsions was located at the basis of the brain. It Is evident, 
therefore, that the basal structures can provoke clonic as well as tonic 
spawns. 

The persistence of clonic convulsions after division of the pyramidal 
tracts simply shows that these represent but a portion of the link-sys¬ 
tem between the brain and the spinal cord; and that impulses from the 
cortex can excite the upper extension of the cord in the third ventricle. 
Where they reach the basal cells is suggested by one of BiechofFs con¬ 
clusions, namely, that H after destruction of the optic thalamus, the hypo¬ 
thalamic region and the pyramidal path on one side, faradlc irritation 
of the homolateral motor cortex remains without effect.” As we have 
seen, it Is in the hypothalamic region that the cortical paths meet those 
from the pituitary body, which pass downward and finally reach the 
cord. In the normal animal, including man, of course, the entire spinal 
gray matter receives spasmogenic impulses from the cerebrum. 


The clonic convulsions arc the result of a temporary and 
intense hyporasmia of the cerebral cortex, due in turn to gen¬ 
eral vasoconstriction.* The cortex being a sensory organ, this 
marked congestion—during which the speed of the blood-streams 
is greatly increased—provokes a storm of impulses to the spinal 
system—itself hypenmuie and oversensitive—which the spinal 
motor cells convert into motor impulses and transmit to the 
muscles (which am also hypcnemic and overcxcitablc), thus 
inciting the clonic fit.* 

The neuroglia being plasma capillaries,* they bear the 
brunt of the excessive blood-pressure to which tho nervous ele¬ 
ments are submitted,* and if the disease is not treated early, 
more or less extenBivo gliosis occurs and the chances of recovery 
are correspondingly reduced. 


As I have pointed out,™ the neuroglia fibers and cells are channels 
for blood-plasma containing adrenoxidase granules. Pierce Clark and 
Front™ recently wrote: “The neuroglia hyperplasia In epilepsy now 
almost constantly found. With Improved methods and technique It will 
probably be demonstrated in every case of considerable duration.” 
C1iaslin, ,a> who first pointed out this condition, ascribed it tq a constitu¬ 
tional vice of development, but the Identity of neuroglia fibers aa capll- 
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Uriel tlone accounts logically for it. llaqy investlgaiora, Fete, Kop- 
psn, Holme, Brats, Anglade 1 * and others, have confirmed Chaalin’a obser¬ 
vation. Victor Horsley has 1 * emphasised the importance of congestion 
of the cortical mantlo in the production of fits. Wrt and Chaslin, Pierce 
Clark and others found diffuse gliosis in cases of long standing; Ito™ 
produced typical fits in guinea-pigs by causing traumatic hyperemia of 
the cortex. 

The participation of the vasomotor system, as shown by the gen¬ 
eral vas vonstrictlon, is as clear. 8pitska, in 1881, attributed the flt to 
the “explosive activity of an unduly irritable vasomotor center,*' and 
epilepsy is now commonly referred to as a “functional vasomotor dis¬ 
ease. A continuous rise of pressure during the flt was noted by 
Francois-Franck and Pitres. Tim speed of the blood-stream is greatly 
increased at this time—three to five times in the muscular vessels, 
according to Hill'*—an index of the violence of the cortical circulation. 
Even the skin shows evidence of this sometimes by minute capillary 
haunorrhages, as observed by Aldrich™ and others. Weber,'* moreover, 
found vascular lesions ami extravasations in the cortex and medulla of 
cases of status epileptieua. so great had been the capillary pressure-^— 
the identical pressure which projects the blood-plasma into the neuroglia 
fibers.* 

Chaslin always found the hyperplasia most advanced in the super¬ 
ficial layer of the cortex, though it involved the subjacent strata, lllocq 
and Marineaco 1 * found as the most constant lesion in the psycho-motor 
none of nine cases, vascular alterations and hyperplasia of the neuroglia, 
associated with punctiform liwmorrhages in other parts of the nervous 
system in every instance. The cortex being regarded as a sensory 
organ, its uppermost layer thus becomes the must active in the pro¬ 
duction of tnc convulsions. Indeed, l’nis'" found that even electrical 
excitation of the cortex could not provoke fits after the application of 
a cocaine solution had aiucstlietiied its surface, thus identifying the 
cerebral gray matter as the source of the spasmogenic impulses. 

The excessive vasoconstriction and rise of blood-pressure 
which gives rise to this cortical hypenemia. is due to irrita¬ 
tion of the vasomotor and sympathetic centers by toxic waste- 
products.* Epileptic convulsions differ from convulsions pro¬ 
duced hy many exogenous poisons (strychnine, for instance) in 
that they are due to poisons or toxins formed in the body.* 

“Certain drags, notably absinthe,” writes Hchflfer.™ “produce, when 
injected into the vsocular system, convulsive attacks which are scarcely 
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that “tin foil doae of strychnine produces a rise of the arterial presBnre 
which la enormously Increased during the convulsion." Ho ulsn refe rs” * 
to the obs e rvation of Baaold and Btoebaum, "that whan a small dose of 
atropine la Injected into the carotid artery—that Is, near the vasomotor 
centers—he adds, “there la an Lnatantaneoua rise of blood-pressure”— 
“a great rise,” aa he afterwards says. Cocaine, aa shown by Von Anrep, 
causes “convulsive movements of cerebral origin,” which “are arreated 
by section of the apinal cord;” Wood alao saya: “Certainly the evidence 
la overwhelming that cocaine directly increases the blood-preaaure.” The 
flta an precisely those of epilepsy} the syndrome la known aa “cocaine 
epilepsy” Alcohol ean likewise produce both minor and major epilepsy. 
Wood and Hoyt*** concluded, after a recent experimental study, that the 
excitement it eauaed was due to the "enormously increased flow of blood 
running riot through the cerebrum.” 

L. Pierce Clark, 111 after a study of 100,000 aeianres, we have seen, 
concluded that “we must see the principle of pathogenesis in an initial 
toxin or autointoxication," i.e., “an accumulation of waste-products.” 
Van dleton" and other authorities have also noted- greater frequency 
of fits during gastro-intestinal disturbances and constipation, the blood 
et the time being especially toxic. This view, which has a large number 
of supporters, is sustained by the beneficial effect 'of appropriate dietetic 
measures. The relation between epilepsy and other disorders attributed 
to toxic wastes points in the same direction. Bplller, 1 " Bernhardt” 1 and 
others have laid stress on its relationship with migraine, Trowbridge” 1 
with chorea, etc. 

When the antitoxic powers of the blood are taken into account, 
however. It becomes evident that only very toxic fluids derived from 
epileptics will prove pathogenic in experimental animals. Herter,” 1 for 
Instance, obtained results in rabbits differing but little, if at all, from 
those produced by normal blood, with deflbrinoted blood taken from 
epileptics, but when he used blood-serum of exceptional toxicity obtained 
from an eplleptle with prolonged headaches, habitually an overfecder at 
meals and with congealed face and oonjunotivw, 10 c.a. (2V, drachms) 
sufficed to kill rabbits in 40 minutes, after the animals had had tonic 
and elonie spasms and become somewhat cyanotic. Kratnsky”* produced 
oharaeteristw eeisurea in rabbits in two and three minutes, ana several 
reeurrenees, with blood-serum obtained by cupping from a ease in status 
eptlepticus. Savory Pearce and Boston” 1 found chat several injections 
of blood from an epileptic into rabbits caused an enormous leuoocytosis, 
reac h ing in one instance 102,800 per cm.—a proof that the adrenal sys¬ 
tem was violently stimulated. 

The toxic substances which incite the convulsions are formed 
when the breaking down of worn-out tissue-cells, tissue-proteid, 
focal toxins, jetc., is not carried to a finish, when Hub 
process is not sufficiently active to lead up to the formation of 
benign, eliminable substances—urea and uric acid, etc., the 
normal end-products.* But it is only when this accumulation 
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has reached a certain degree that epileptic seizures occur; thus, 
it may only be sufficient to give rise to the tonic spasm, i.e., 
minor epilepsy; or it may exceed this limit and produce clonic 
convulsions, major epilepsy.* 

Such being the case, it is evident that the cause of the dis¬ 
ease is deficient activity of the process through which the worn- 
out living tissues are broken down. This process being carried 
out by trypsin, whose activity is governed by the lieat-energy 
it receives through the interaction of nuclein and adrenoxidaac, 
it follows that insufficiency of either of these bodies underlies 
the morbid process. It cannot be the nuelcin, since this is de¬ 
rived from the food. The production of the tissue-ferment— 
or rather of the preferment—by the pancreas being proportion¬ 
ate with the secreting activity of this organ, and this function 
in turn being governed by the proportion of adrenoxidase in the 
blood, we are brought to inadequate activity of the adrenal eye- 
tern ae the primary cause of epilepsy .* 

This insufficiency of the adrenal center is thus pathogenic 
in two ways: it entails (1) imperfect catabolism and the result¬ 
ing accumulation of toxic wastes in the blood; (2) inadequate 
conversion of these poisons in the blood and liver into elimin- 
able products, i.e., imperfect protection of the organism.* 

This docs not mean, however, that the test-organ does not 
respond to the stimulating influence of the circulating poisons: 
it only fails to do so adequately.* Accustomed to the presence 
of tissue-wastes, and even to that of these particular poisons 
in the blood circulating through it, it responds only when these 
have accumulated in great quantities, and then, by a spurt of 
activity which soon recedes, relieves the blood of at least some 
of its spasmogenic toxics by increasing markedly the produe- 
. tion of auto-antitoxin.* These exacerbations of activity coin¬ 
cide with the convulsions.* 

Briefly, the accumulation of toxic wastes in the blood vio¬ 
lently stimulates toe three general centers of the blood-vascular 
system , the sympathetic, vasomotor and adrenal centers, simul¬ 
taneously, and although the rflle of toe adrenal center is a 
protective one, it is to this collective action that toe convulsions 
are due.* 
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Waste-prod ucta, we tain mod, are thought by many observers to 
provoke epileptic eebniree. The identity of the epedlle agent Is not 
ee tab lie bed, however. Haig incriminated uric add, but hie new has not 
been sustained. Ae previously stated, uric add le a benign end-product. 
KraTnsky"* attributed the ate to a diminution of the une add formed, 
the true spasmogenic substance being an intermediate product essential 
to the formation of uric add, ia, ammonium carbonate. It proved not 
only highly toxic, but it produced, when injected in animals, typical 
epileptic leisures. Inouye and Suiki*" attribute them to a dextro-rota¬ 
tory lactic acid found increased in the blood after severe attacks, and 
which unites with urea to form diaiurie add, then uric add. Both these 
views are sustained by an exhaustive study of Herter and Smith , 1 * 1 in 
which th 0 y found an excessrof uric acid In the urine only after the con¬ 
vulsions. Teeter*** also found that it contained a larger amount at urea 
than during the intervals, when it was very low. Rachford, in 1895, 
ascribed migraine, “migrainous** epilepsy and other periodical affections 
to paraxanthin poisoning. The poisonous ptomaine cholin, found by 
Mott and Halliburton in blood and cerebro-splnal fluid in cases of nerv¬ 
ous disease, has also been considered as the spasmogenic agent by 
Donath,“* Corlat , “ and others. When we condder that nervous, hepatic, 
muscular and other heterogeneous tissues are all the seat of imperfect 
catabolism and other facts, however, it is probable that the convuldons 
are caused by several poisons acting more or less collectively.* Thus, 
Ohlmacher"* found a persistent thymus in several cases; Murdoch 111 and 
others have cured cases that were clearly due to gastro-intestinal dis¬ 
orders, -etc. 

The connection with the anterior pituitary body, as adrenal cen¬ 
ter, is suggested in various ways. We have seen that removal of the 
pituitary or of the adrenals provokes convulsions. Langlois’** long ago 
showed that the adrenals, in some unexplained way, “annihilated the 
toxic substances produced in the course of chemical exchanges.” He 
concluded that “there was every reason to suppose, however, that it was 
through an oxidation process. With adrenal secretion as the basis of 
oxidase, we have a clear index in the fact that while there are frequently 
abnormally low temperatures during health, as observed by Lemoine and 
others, a rise occurs during seisures whleh sometimes is very great. 
Charcot, Bourneville and others have laid stress on this feature. Clark 
ami Proof" found that in status epilepticus, the height of the curve 
corresponded with the severity of the attack, sometimes reaching 107* 
or 108* P. (41.0* or 40.2* C.). This applies to ordinary cases an well; 
thus Benedikt"* reported a case in which it sometimes rose to 109.4* F. 
(42.8* C.). If this is connected with an antitoxic process, an intereur- 
rent disease, by raising the functional activity of the test-organ (which 
fails to respond promptly only to the physiological poisons to which it 
has become habituated), should prove beneficial. Hippocrates, Van 
Swlaten, Ssquirol and other masters have laid stress on the favorable 
influence of various diseases on epilepsy. Recent writers, FPrd, Voisin. 
Laimois, Lenoir”* and others have done likewise. Heasier 1 " and Lan- 
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mb 1 " have aim used bacterial Injections on this plea. Pierce Clark 
and Sharp 14 * havefound, however, that a temporary improvement la all 
that la obtained hy an intereurrent disease—which means, interpreted 
from my standpoint, that the adrenal system, whipped up for a while, 
soon lapses again into Its lasy habits. 

The main predisposing causes of idiopathic epilepsy are such 
as tend to inhibit the functional efficiency of the anterior pitu-„ 
itary body’s test-organ.* The preponderance of thin disease dur¬ 
ing youth is due mainly to one of two cause*: (1) numerous 
diseases during childhood', which tend to debilitate this organ 
by stimulating excessively the pituitary laaly and through it the 
adrenals during development; (3) inherited general debility 
through the presence in parent* of disease* or liuhits, such as 
tuberculosis, syphilis, alcoholism, etc., which tend to ini|»air to a 
marked extent the test-organ's sensibility.* Kpilepsv may also 
follow typhoid fever, influenza and other disenses, owing to thia 
morbid influence on this organ. 


Over twenty years ago I m emphasised, after studying 40 cases, the 
predisposing importance of numerous children’s diseases to hay-fever, 
a disease due also to the accumulation of toxic wastes in the blood. Out 
of IB of these cases in which no heredity could be traced. Hi per cent, 
had had four children’s diseases, while many of these, i.«\, 55 per cent, 
of tlio total, had had six. Beastere,*" in a series of carefully analysed 
eases of major epilepsy, could only sscrilie one-sixth to hereditary 
influence, while in the other 152 eases infectious diseases ami convul¬ 
sions allowed "an enormous preponderance in the antecedents.” .... 
"The Infectious process,” says this observer, “leaves on the orgsnism a 
profound impression, the nature of whieh is still to be determined.” 
Out of 2000 cases studied by M. Allen Starr, 1 " 08 per cent, had epilepay 
before twenty years of age, t.r„ “during brain development.” The neural 
portion of the pituitary body being an embryolugical offshoot of the 
Drain-segment, it follows that it must participate in the morbid process. 
Indeed, the relationship between this organ and the osseous system is 
well shown by tee overgrowth of bones attending its overactivity in 
acromesptly; that the opposite condition exists in epilepsy is evident. 
Gowers” 4 found a history of rickets in marly 75 per cent, of 100 cases 
studied. 

The transmission of epilepsy has been affirmed by Obersteiner** and 
others, but, from my viewpoint, the patient inherits only a depraved 
condition of the test-organ. Hence the fact that experimental epilepsy 
in guinea-pigs, as noted by several Investigators, has failed to sustain 
Oberateiiter’s view. The predisposing influence of debilitating dis ea s es , 
tuberculosis, syphilis, alcoholism, etc., in parents is generally acknowl¬ 
edged, and is readily accounted for by the morbid action of such diseases 
(f.e.) on the pituitary body. Examples In which various diseases 
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started epilepsy are numerous. Bouraerrllle and Dardel*" o b se rved a 
qaae In which typhoid fever caused both epilepsy and idiocy In a pre¬ 
viously normal subject. In one of Gdlineau’r" It followed influence. 
In one reported by Clark and Sharp*" me as le s converted an ordinary 
epilepsy Into status epllepticus, etc. 

Emotional shock and fright, by imposing too suddenly a 
severe stress upon the cellular elements of the posterior pituitary 
(as aenaorium commune ), may also provoke typical epilepsy, by 
impairing permanently their sensitiveness.* A constant flow of 
impulses from the periphery may initiate the form known as 
“reflex” epilepsy by fatiguing the organ's nerve-cells and sim¬ 
ilarly depressing its sensibility to impressions received through 
the anterior lobe and awakened by blood containing physiological 
waste-products.* The convulsions are caused by these wastes 
precisely as in typical cases of epilepsy, both in the reflex form 
and in that due to emotions, the former ceasing when the peri¬ 
pheral exciting cause is removed.* 


Spratllng 1 " etotm that emotional shock and fright aa causes of 
epilepsy do not receive the attention they should. In 1383 ca ses he 
traced 68 to this cause, some supervening immediately. Females around 
puberty predominate. In the 8000 coses studied by 1C. Allen Starr,*" 110 
were due to fright. The intense pallor, the relaxation of sphincters, the 
fainting, etc., often witnessed under such conditions exemplify the inten¬ 
sity of the shock upon the true aensorium commune, i.e., the neural lobe 
of the pituitary, especially its sympathetic center. 

As to reflex epilepsy, Brubaker*" collected 16 cases *n which irrita¬ 
tion of the dental nerve, diseased or misplaced teeth caused epilepsy. 
Cases cured by the removal of aural growths or carious ossicles, etc., 
have been numerous. Banney, 1 " Gould 1 " and others have reported cases 
cured by correcting defects of accommodation. Kafemann”* found ade¬ 
noids frequently In epileptics. Recently, St. Clair Thomson"* reported 
a aasp six years after cessation of the seizures, cured by the removal of 
adenoids. Intestinal worms, phimosis, vesical and renal calculi, scars, 
etc., and many other morbid conditions may thus provoke epilepsy by 
control irritation transmitted by afferent sensory nerves, the fifth pair 
In the case of the head. A typical form of reflex epilepsy is that due 
to nasal exostoses, hypertrophies, etc. We have seen that Pros, by 
aiwsthetixinK the cortex with cocaine, prevented the fits caused by local 
excitation. Ten BiethofF" arrested oncoming fits in a man who bad had 
epilepsy 80 years, by applying a 10-per-cent, solution of cocaine to the 
nasal mucous membrane; removal of neoplastic tissue therein cured the 
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mm. Similar instances hare been reported by otbm. How, Cytm, ace 
have Been, olweived that immediat el y after removal of tbe pituitary Wly 
any amount of Irritation, even ammonia, failed to excite reflex reaction* 
which before the operation were readily obtained. 

Jacksonian epilepsy differs from major epilepsy in that the 
cortex is the seat of a circumscribed lesion which, when hyper¬ 
emia of the brain of the kind just described occurs, serves as 
a local excitant. The cerebral lesion being localised, the im¬ 
pulses transmitted to the cord cause it to provoke clonic con¬ 
vulsions only in the group of muscles over which the area in¬ 
volved presides. So true is this that if the starting point of 
the premonitory tingling or numbness be carefully noted, i.r.. 
a toe, the fingers, the face, etc., Seguin’a "signal symptoms.” the 
location of the cerebral lesion may be exactly determined (cere¬ 
bral localization), and the offending structure—a glioma, scle¬ 
rotic patches, tumors, a syphilitic gumma, depressed Jxme. etc., 
in the motor zone in the great majority of instances. 

In such cases the lesion acts as a foreign body, against 
which, when undue hyperemia of the brain occurs, the cortex is 
projected and subjected to localized pressure and irritation— 
the spasmogenic factor.* 

The evidences of secondary hyperemia are also present In such 
eases at the site of the cortical lesion. Thus Joseph Collins 1 " found in 
excised cortical tissue not only distention of the vessels with thickening 
rad infiltration of their walls, but also proliferation of neuroglia. That 
marked vascular tension prevails is shown by occasional occurrence of 
cerebral hemorrhage in young subjects, as in a case reported by Htrup- 
pler; 1 " the pre s e n ce of congestion is shown by the choked disk, as In 
—i— reported fay Burr and W. J. Taylor,"* evidence that we have here 
also the required pressure to engorge the neuroglia. From this to the 
formation of sclerosis there is but a step. Tims, Angladr 1 ** never found 
the neuroglia normal, and in some regions it had proliferated in the 
form of plaques, i.e., areas of sclerosis. 

Treatment.— The prevailing medicinal treatment of epilepsy 
may be said to resolve itself into the use of dcprcMO-motore to 
prevent the convulsions. In the light of the foregoing evidence 
these agents, while reducing the number of seizures, simultane¬ 
ously aggravate the morbid process.* 

Mbabdbxb Which Tend to Enhance the Accumulation 
or Wabtb-pboductb in the Blood.— Bromide Salts. —The pri- 
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mary action of tliese salts is to depress the functional activity of 
the general vasomotor center, producing thereby relaxation of all 
the arteries.* By thuB causing the blood to accumulate in the 
great central trunks, the proportion of blood circulating in the 
capillaries of all organs and the periphery is correspondingly 
reduced and the activity of intracellular metabolism is lowered 
in proportion.* This morbid process is aggravated by the fact 
that the bromides simultaneously reduce the sensibility of the 
adrenal center.* By thus diminishing the quantity of adrenal 
secretion supplied to the blood, they impair its cataholizing 
properties, and Inhibit, therefore, the conversion of toxic wastes 
into climinnhlc products.* These pathogenic influences are pro- 
jmrtinnate, all else being equal, with the quantity administered 
in a given time. 

The action of the bromide* on the vasomotor center haa been 
shown in the department of Pharmacodynamics. The paralysing action 
on the adrenals is sufficient in some instances to cause bronzing similar 
to that of Addison’s disease. Bourncville and (.'liapotin”* refer to 
Echevcrr^a > , " “who saw a ease in which the brow and neck were markedly 
pigmented brown,” and to canes witnessed by Voisin; in one of these 
“the skin of the face was a dark, dirty yellow,” in the other it was 
“covered with bronze patches having no connection with the acne.” 
The harmful effects of the bromide* are 1s>ing generally recognized. 
F. Peterson”* has reported ] 1 cases in which withdrawal or marked 
reduction of the drug wus followed by great diminution of the number 
of seizures. “In some of these eases,” says this neurologist, “the im¬ 
provement is startling.” Npratiing.'** *•* after close study of the results In 
several thousand eases at the Craig Colony, concludes that “we must 
not only regard the bromides as powerless to cure epilepsy,” but also 
“as capable of doing as much harm as they do good, as they are ordi¬ 
narily administered.” Moreover, as Percy Bryant 1 ” rightly states, the 
bromides have added another disease in ninny epileptics, f.e„ bromism. 

The bromides have been administered with adoni* remalia, as 
Beehterew’s method, and with diftitali*. as recommended by Huchard j 
hilt the recession of the blood from the tissues, caused by the bromides, 
thwarts the effects of these agents, and the case* on record do not seem 
to have afforded results other than those afforded by the salts them¬ 
selves in corresponding doses. 

Oru kb Darns Which Tknd to Inhibit Tissue Metabolism.— 
Many such have been and are being used. Their main action Is alone 
given in this connection, the reader being referred to the department of 
Pharmacodynamics for additional details and evidence. Chloral, chlora- 
loss and paraldekydo are even more pernicious than the bromides, since 
they depress primarily the adrenal center and therefore the activity of 
tissue metabolism and oxidation in the blood-stream. Bulphonal and 
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frional pndM 'similar effects in a different way: being active reducing 
agents, they diminish the oxygenizing and oxidising (antitoxic) power of 
the blood, by robbing it of its oxygen. They inhibit the seizure* by 
reducing the vital activity of all organs, including the nerve-center*. 

Opium, used in increasing doses, as in VKvlisig’s method, some¬ 
times diminishes the number of seizures. It doe* this liy musing con¬ 
striction of the arterioles, thus reducing the speed of the IiIoihI supplied 
to the nervous system, os well as to other tissues, t'ellulur metabol¬ 
ism, ss observed by Reichert, is mlneetl from 4tl to IW per cent, .tnfi- 
pyrin, aeefanilid and kindred coal-tar products mluee the tits in some 
cases. They do so, however, as do opium hii«1 morphine, by musing 
constriction of the arterioles. The lowered metabolism induced by these 
agents is shown by the effects of large doses, i.«-., eyunosis. 

The bromides and other ilcprcMunta have their place in the 
treatment of epilepsy, however, as shown hclnw, hut only to 
counteract the excessive irritability of the general vasomotor 
center, while other measures are employed to antagonize the 
pathogenic elements in all idiopathic easea. »>.. the |n>isons in 
the blood-stream.* 

Dkciiloihxizatiox. —Withholding common salt from the 
diet of patients (used to render them more snseeptihle to the 
effects of the bromides) is not to he recommended, even though 
temporary lienefit follow, this benefit being due to ini)Niirmeiit 
of the Osmotic properties of the Mood anil of the vital processes 
in wliieh sodium fulfills an iiii)Nirtant role. Metnliolisni lieing 
retarded, nutrient materials accumulate in the blood and ulti¬ 
mately lend to additional disorders.* 

Tlic influence of common salt on ohiiiohIh is well known; •Tae>|ues 
Loob 1 " has shown that "the Nations of the lilmsl ns well as of the sea¬ 
water are essential for the maiiitenam-e of life-phenomena." Dechlorin- 
isation cannot, therefore, but deteriorate the Issiy. This wus illustrated 
in 30 esses carefully studied Avc months by .1. Voisin, It. Voisin and 
Knmta.'" At ffrst the seizures were fewer. hut the patients relapsed 
into their usual state. Marked anorexia appeared, the patients having 
to force themselves or hr forced to take fisni. Then followed mclan- 
rholia, confusion, hallucinations of sight, taste*etc., the patients fear¬ 
ing that they wen* being poisoned. In addition, there were dys|M>psia, 
fatigue, lumbar and muscular pain. Kcliloss'" and others had already 
observed that under this treatment the patients Is-rninn weaker. Con¬ 
versely. Enriquez and Orenet'" found that the udditiun of large ibises of 
sodium chloride during four months diminished the intensity anil number 
of attacks. C. II. Hughes'" lias, however, eorreelly emphasised the fal¬ 
lacy of dechlorinisation as a therapeutic measure. 
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Mkabuhxb Which Tend to Fuvnnt thk Fobjcation of 
Toxic Wastes. — Diet .—In the light of the eondnaions sub¬ 
mitted In the foregoing pages, it becomes evident, in this conneo* 
tkm, (1) that while any food ingested is converted into nucleo- 
proteid granules, we axe dealing mainly with poisons formed 
during the breaking-down of wom-out living substances, i.e., 
during catabolism; and (8) that these poisons form, owing to 
insufficiency of those constituents of the blood which carry on 
catabolism and destroy the toxic wastes in the blood* This, 
in turn, suggests as a fundamental principle, the imperative need 
of equipoise between these properties of the blood and the food- 
intake. In the majority of cases the latter is excessive, and the 
cellular elements are burdened with proteids which cannot be 
completely converted into eliminable products. The blood, 
therefore, js loaded with substances which irritate the vasomotor 
center and thus provoke the seixures.* 

The practical indication is obvious, namely: to allow the 
patient only the quantity of food strictly necessary to the needs 
of the body. Indeed, neurologists of wide experience have found 
that the best results are obtained when the food consists mainly 
of cereals, milk, fruits and butter. Some include eggs, but 
others object to them. Meat, if allowed at all, should be strictly 
limited to the midday meal, and oven then in small quantities. 
Alcohol, coffee and tea, should not be allowed.* 

Fecal stasis is a not infrequent cause, as barium meal x-ray 
examination shows. If colonic flushing, with the patient lying 
on his right side, fails to correct it, a cacostomg permitting it is 
necessaty. Any other focal disorder, whether situated m the 
tonsils, the nasopharynx, the nasal sinuses, the middle ear, the 
pelvic organs, etc., should be corrected. 

As'to dietetics SehlOes, 1 * for instance, divided IS cases into four 
groups: two of thaw warn given meat aaeliiefoely els weeks, and a mllk- 
ami-vegetable diet during the succeeding six weeks. During the meat 
period the selxurea were rawer than before; during the mllk-and-vcgetable 
period they Increased. The reason for this suggests Itself: the nucleo- 
pratold obtained from meat only waa not equal to that of the milk and 
vegetables, while the nuclein Intake was greater. As a result the phos¬ 
phorus liberated during catabolism waa relatively greater, and being 
added, on reaching the Mood (via the lymphatics) to the p h osphor u s- 
l ad en nueldn In the anto-antltenb^ increased the plasma’s pcuo^tlo 
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•ad therefor* antitoxic activity. Indeed, Hum 1 " 1 given a < r — m r h *“p 1> *t** 
•mrag other ramediee, while H. Hmltta 1 " hu tued pure pbaaphoru* with 
advanta ge . The eoneluaion reached by come, that theae and eitnilar ex- 
p erim m t a indicate that patiente should not be deprived of meat It erro n e- 
oaa, however, for it ia because HchlOaa’a patient* wan placed on on eheo- 
lute meat diet, that they were benefited. Heat given bnldcm other foods 
cannot but aggravate the die eae e, in accord with the teachings of aotper- 

Alcohol and absinthe are recognised vasomotor stimulants «A con* 
vuMvaats, and abstinence therefrom, as shown by Fore I and others, have 
proved curative. Kleuiy"* cites several cases in which the cessation of 
alcohol and reduction of the diet alone very markedly reduced the number 
of seisuras—the lapse In one instance being three years—although the 
treatment had not been modified. Tea was found by Haig, 1 " ana coffee 
by Marburg, 1 " to aggravate the disease. 

Dbugs Which Tend to Increase tub Destruction op 
Toxic Wastes'. —These agents all act by stimulating the teat- 
organ, and therefore by increasing the blood’s proteolytic 
activity. 

Thyroid and Parathyroid Gland —Thyroid gland ia use¬ 
ful especially in young subjects (doubtless because gliosis is less 
apt to be present), owing to its direct action on tlie anterior 
pituitary body, aa the physiological stimulant of this organ.* 
It not only increases, through the adrenals, the proportion of 
adrenozidaae in the blood, but also, and through this action, 
that of auto-antitoxin. All the antitoxic powers of the blood, 
phagocytic and plasmatic, being enhanced, the toxic wastes are 
more perfectly destroyed.* (See also p. 71(1, vnl. i.) 

In epilepsy, small doses are alone effective, since large doses, 
by too rapidly increasing the formation of adrenoxidase, cause 
excessive metabolic activity in all tissues and an augmentation 
of wastes.* The dose should not exceed 1 grain (0.06ft gm.) of 
thyroid gland to l>egiu with, and lie slowly increased if need be, 
until not more than 3 grains (0.19 gm.) are taken three times 
daily, after meals. If extract of parathyroid is used, */«• grain 
(0.0016 gm.) should be the initial dose; gradually increased to 
Vm grain (0.0038 gm.).* 

No depressants should be given at the same time. Since they 
tend to antagonise the action of these extracts by reducing the 
sensibility of the test-organ. As the bromides, especially sodium 


*4«awi wifftntw. 


IS. I BOB. 
tor.. A**., IBt. 


147tt INTHRNAL ISOBVnOHB IN PATHOONNN8IB AND TBNATMMNT. 


or strontium bromide, only do bo when given in full doses, how¬ 
ever, 10 to 16 grains (0.64 to 1 gin.) may be given on retiring, 
to control the irritability of the vasomotor center, while the 
of this irritability is being counteracted by the thyroid 
extract* The bromide salt may be combined with 6 grains 
(0.3 gm.) of aceianUid. 

Under “Hemophilia,” the lncreue of oxidase cauaed hr email 
donee (S gralna—0.10 gm.) t.iA. of thyroid extract la graphically illna- 
trated fay testa in several cases treated by W. J. Taylor. That it can 
counteract convulsions haa been emphasised mainly fay exper im e n tal 
physiologists, "in some animals, as in moat carnivora,” says Chitten¬ 
den,*" "complete removal of the thyroid tissue is followed fay a rapid 
development of symptoms indicating a marked irritation of the nervous 
and muscular systems, as manifested by tetanus, epileptiform convul¬ 
sions, etc., and terminating in death.” Thyroid extract, as is well known, 
cuts short these convulsions, the animal Buffering in no way as long aa 
it is administered. By stimulating the adrenal center, it enhances the 
production of oxidase and, therefore, that of auto-antitoxin. Browning 11 * 
cauaed cessation of convulsions in three young epileptics, two of whom 
suffered from rickets and the third from “disturbed metabolism,” by 
giving */ 4 grain (0.044 gm.) doses of thyroid extract twice daily. He 
states that these cases "are due to or associated with disturbances In the 
general metabolism of the body” and refers to them aa 14 pseudo-epilepsy.” 
All cases of idiopathic epilepsy should be considered .in the same light 
if the term "pseudo-epilepsy 1 ' were warranted at all, since, as we have 
seen. Pierce Clark and others ascribe the disease to "an accumulation 
of waste-products.” Browning's ca s es were bona fide cases of epilepsy, 
and what they do teach is that small doses of thyroid extract are alone 
indicated. Tnese, however, as my own observations have shown, must 
be very gradually increased according to the effect on the patient. I 
usually begin with one grain (0.065 gm.) at each meal, giving a small 
dose of sodium bromide on retiring at first, if necessary, and gradually 
reducing the dose, until none is given at all. Some cases are benefited 
fay larger doses of thyroid. Thus, in a case treated by a colleague, 
under my supervision, the nurse, through a misinterpretation of instruc¬ 
tions, doubled the dose; the result was considerable Improvement. In 
adults, however, as It did in cases reported by Clarke'" and Bourneville,*" 
it failed to arrest the seizures. In fact, in the last-named neurologist’s 
cases, it increased the number of seisures. But the cause of this is evi¬ 
dent: tiie extract was administered in full doses, and excessive metabol¬ 
ism was produced, causing an excessive production of wastes. As the 
eases were adults, diffuse gliosis may have been present, recovery being 
then impracticable. It is in young subjects that the best results are 
obtained with thyroid extract used as shove. Professor Osborne, of 
Yale,** wrote recently: “1 have now on my records a number of cases 
of epilepsy treated successfully with thyroid. My attention was first 
drawn to the use of this preparation in epilepsy fay several cases oecuring 
in women at the time of the menopause, the attacks showing a suggestive 
periodicity.... I found that I could control and prevent the epileptic 
attacks as well with thyroid as could be done with bromides, and with 
much better results to the system.” 
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Sodium Salicylate and Salicin ^—'The Balicylatas increase 
very actively the elimination of urea and uric acid, by actively 
stimulating the adrenal center. Moreover, they excite abnor¬ 
mally the sympathetic center and cause constriction of the peri¬ 
pheral arterioles and, therefore, reduce the convulsions by limit¬ 
ing the cerebro-spinal hyperemia. In adults 15 grains (1 gm.) 
of sodium salicylate or salicin 5 grains (0.3 gin.) may be given 
three times daily, giving a small dose (10 grains—0.64 gm.) 
sodium bromide at bedtime. 

Tha salicylates have been recommended by llaig*™ and need vltti 
advantage, but with potassium iodide. William Pepper likewise used the 
salicylates with success. A number of cases have been reported in which 
it reduced the number of seisurea. W. J. Vincent," In a severe and 
carefully studied case. In which all familiar remedial measures had been 
tried, arrested the aefmtm (nine mouths' test) with salicin 5 grains 
(0.8 gm.) three, then five times, in the twenty-four hours. Ollier eases 
were benefited. 

Other drugs which tend to enhance catabolism and the de¬ 
struction of wastes arc digitalis and strophanthus. adonis ver- 
nalis, iodide of sodium, and biniodide of mercury. Their actual 
value will only be ascertained when given alone, i.e.. reserving 
depressants for the night. For the luttcr purpose bromipin, a 
brominized oil of sesamum, has been rec-ommended in lieu of 
the bromides; antipyrin, acetanilid, and ureihan likewise. Tim 
centers seem to lose their sensitiveness to remedies sooner in 
epilepsy- than in other diseases. An alkaline laxative, preferably 
the citrate of magnesia, every other week, aids materially all 
the foregoing measures. 41 

Trratmknt of Htatub EpiLKPTicrs. —In this condition the 
main cause of the paroxysms is the interna! vascular pressure, 
caused by a more or less great accumulation of toxic wastes. 
Here the bromides are of value when injected subcutaneously in 
the back, just below tha angle of the scapula, 30 grains (8 gnus.) 
of sodium bromide dissolved in one ounce (28 gms.) of sterile 
water being used repeatedly if need be. Amyl nitrile inhala¬ 
tions, which cause temporary paresis of the vasomotor center 
and relaxation of all the arteries, while usefnl to al*ort ordinary 
attacks wlien used during the aura, arc seldom effective in status, 
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.but used in addition to the bromide injections, prove efficient. 
Blood-letting lias been highly recommended; hypoflermoclysu 
suggests itself as a valuable measure used immediately after the 
bleeding to aid in the elimination, through the marked diuresis 
it provokes, the elimination of waste-products. 

The une of sodium bromide as above wae found highly useful In 
the Maas. Hospital for Epileptics by Morton and Hod skins.** They 
also administer projphylatic injections of 20 minims each (in all 12 
grains) when two seizures occur in succession. Chloroform Is sometimes 
recommended, but Pierce Clark 1 * states that chloroform should never bar 
used during the sleep or stupor stage of the acceae, as it may cause coma 
and even death. According to Bondurant,** the best single remedy for 
status epilepticus is blood-letting. 

Treatment o4 t Jaokbonian and Reflex Epilepsy. —When 
the lesion in Jacksonian epilepsy Can be clearly located, the 
sooner operative procedures are resorted to the better. As a 
period of improvement follows almost any procedure, prudence 
in predicting a cure is desirable. 

All cases of epilepsy should undergo a very careful examin- 
' ation lest any organ of special sense be the source of reflex seiz¬ 
ures. Any abnormal condition should, if possible, be corrected, 
even if it happen not to be the spasmogenic factor, since it 
always tends to aggravate the disease. 


EPILEPTOTD DISORDERS. 


Infantile Eclampsia ok Convulsions. —The seizures of 
this disorder, which resemble those of epilepsy, are ascribablc 
to a similar morbid process,* autotoxins being, as a rule, derived 
, from the gSBtro-intcstinnl canal. They may also be due to gen¬ 
eral liypocuttibolism, however, as is observed in children suffer¬ 
ing from rickets; or, they may occur as an intercurrent symp? 
tom of acute infections, where they are caused by the inability 
of the adrenal system to cope successfully with the aggregate of 
detritus, wastes, etc., which appear in the blood under such con¬ 
ditions.* The paroxysms may be brought on by reflex action, 
through dentition, precisely, as we have seen under Epilepsy, as 
is the case under the influence of nasal growths, phimosis, etc.,* 
through irritation of the corresponding centers in the pos¬ 
terior pituitary.* 
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,/Hie medicinal Im1wift*<rf infantile convulsions is, on t£^> 
whole, similar to? that of the disorafers studied in this chapter 
An important feature, however, is the careful search for condi¬ 
tions, such as the teething, phimosis, rickets, etc., and their elimi¬ 
nation as. pathogenic factors. The convulsive, i.e., epileptic,' 
habit may be developed in children left untreated, since repeated 
hypenejnia of the neuroglia* may provoke a gliosis and pliic^-ttie 
cabs beyond *dtir aid. 

‘ PUERPERAL ECLAMPSIA. 

Synonyms. —Puerperal Convulsion*; QkiM-bed Fite. 

Definition.—PucrpcraJ^clanipsia. on acute disorder of preg*' 
nancy and parturition characterized by periodical convulsions, 
is due to an accumulation of toxic wastes in the blood, owing 
inability of the adrenal system to convert the excess of wastes 
due to the presence of the feetus, into benign and cliitifnaldc end- 
jjfoducts. As these toxic wastes provoku inordinate vaseu||r. 
tension, an excess of blood is driven into all capillaries, including 
those of the spinal system and cortex. Both the bitter lining 
thus rendered hypercxcitnble, a convulsion occurs when tliis< 
hypercxcitability is suddenly increased by the appearance in the 
blood of an excess of auto-antitoxin, the result, in turn, of a 
aniflden resumption of defensive activity by the adrenal system 
wjien the blood becomes sufficiently toxic to enforce it. The 
qonvulsion lasts until the toxic wastes are converted more or 
'less efficiently into harmless and climinablc end-products.**. 

Symptoms and Pathology.—The symptomatology of puer¬ 
peral eclampsia, as regards the convulsions, closely resembles that 
of epilepsy. It may be divided into three stages: (1) the inva¬ 
sion. (8) a short period of tonic spasm, and (3) the period of 
clonic convulsions. 

The period of invasion is generally attended (besides other 
phenomena reviewed under "Etiology and Pathogenesis") with 
a severe frontal headache, sudden flashes, more or less blurred 
vision, vertigo, and mental torpor or excitement. The tempera*, 
tare gradually rises and the pulse and heart-heat become steadily^ 
stronger. Nausea and vomiting may also occur, the patient s&m- 
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plaining of pain in the epigastrium. Mora or4eqs seterer*chills 

mark the approach of the seizure in most cases. ~ ^ ^ 

The ionic spasm may, however, occur suddenly, i.e., without 
warning, and is usually very brief. The eyes remain wide-open 1 
and staring, the pupils being dilated, the face is very pale arid 
apnsciousness is lost. The spasm consists in pronation and 
supination of the forearms, the fingers being tightly closed 
around the thumbs, and rigidity of the legB. Hie head and 
mouth are drawn to one side, generally the right, the breath it 
“held” through arrested action of the respiratory muscles, and 
opisthotonos may occur. The tonic spasm may appear alone, 
and recur, thus constituting the only form of convulsion wit¬ 
nessed. As a rule, however, it lapses into the clonic seizure. 

• The onset of the clonic stage is marked by a change in the 
appearance -of the patient, the face becoming deeply congested, 
tumefied, then cyanotic. The eyeballs, fixed before, now metip 
rapidly from side to side, the lids closing and opening rapidly, 
^e pupils, from dilated, becoming contracted. The muscles of 
the face and‘jaws are violently contracted, the tongue being 
'Sometimes severely bitten; the patient foams at the mouth, and 
the head is tossed or rolled from side to side with great rapidity 
and violence. All the. extremities arc thrown around vigorously 
Sjul rapidly flexed nnd extended, the bnck being arched in opis¬ 
thotonos or to the side. The respiration is markedly impeded 
and often stertorous; the pulse and heart at first lieat slowly and 
forcibly, the veins of the neck being turgid and distended, but 
, later on the cardiac action may become irregular. The tempera^- 
A 4ure in most eases rises to 104° F. (40° C.); in some it may 
reach much higher, i.e., 110® F. (43.3° C.). 

After a. period varying from one-half to three minutes the 
paroxysm loses its violence, and the patient falls into a coma 
•or a deep sleep. Sometimes a new paroxysm recurs while the 
•patient is still comatose, and is followed by others in more or 
less rapid succession. Rarely, the patient dies during the first 
'coma. In favorable eases, the seizures become less frequent or 
-(jpase immediately after delivery. 

", Etiology and Pathogenesis.—The convulsions are dim,' aa 
in "epilepsy, to irritation, by blood-poisons, of the vasomotor and* 

- sympathetic centers. All t^e vessels of the body being violently-' 
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contracted, a #aya of blood is forced into all capillaries, 

■injjfrj&o oeUulafr Elements and neuroglia of tiio wivbro-apinaf 
gystiMA.* '* The activity of tile cortex na a sensory organ being 
Suddenly enhanced, a flood of impulses —of the voluntary type— 
it ‘tranamitted to every portion of the spinal system and the 
.failure occurs.* 

The arterial pressure is so intense that the capillaries are 
sometimes found ruptured, haemorrhagic lesions being found 
even in the placenta. This violent hypeneinia is the cause of 
jfche great fatality of eclampsia to the infant.* 

Ths kinship between epilepsy and eclampsia is so close that some au¬ 
thors, Osthoif and La Titos, 1 * for Instance, consider the latter as an acute 
form of epilepay. Others, again, compare it to hystero-epllepsy. Oliver"" 
reported a fatal ease of epilepay In a young puerperal patient with no 
antecedent history of the disease. 

That a marked and widespread vascular constriction and general * 
capillary hyperemia are present has been conclusively demonstrated. 
Hot only does the facial congestion, the engorged veins of the surface, 
betoken ths presence of these conditions, but as observed by Liiliarach, 1 " 
multiple hemorrhage* are to be found in every part of the bodyi the 
liver, kidneys, stomach, large Intestine, endocardium, lungs, etc., and 
in the pla mater and cortex. Hclimorl"* also found punctiform hwmor* 
rhage of meninges and cortex, and moreover of the ventral ganglia. 
Similar lesions, as to thn cortex, were noted by limisden,* 11 who also 
observed many ruptured capillaries, the blond flowing In the surrounding 
tissues, forming clots. Masson"* found the veins of various regions 
completely thrombosed, and also “considerable dilatation of the cerebral 
capillaries,” the blood having been forced into them, doubtless by the 
constricted arteries. All organs showed hamtorrhagie lesions of some 
kind. Cassaet and Chambrelent"* found haemorrhagic lesions in the 
still-born infanta similar to those of the mother, and aarribe to this 
cause the great mortality of infants in eclamptic*. The hepatic lesions 
of eclampsia have also received considerable attention from •lllrgras,M* 
Klcbs, Pullet,"" BnufTe dc St. Illaiae and others, since all found in this 
. organ hemorrhagic and embolic foci. Finally, Jllumreich and Zuntx*'* 
found experimentally that the brain of pregnant animals was much more, 
wsesptible to irritation than that of non-pregnant ones. 

we thus have ample testimony to the effect that, as In epilepsy, 
the cortex is violently congested, ami if in the latter disease this can 
provoke convulsions, there is no ground for doubt that the ease Is the 
same In puerperal eclampsia. The connection with the vasomotor center 
* la wall expressed by Herx: Bf “Even slightly toxic products in the blood 
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of Women in* childbed ere sufficient to irritate the raeomotor csntetv 
which are then In a conditional increased excitability." Finally, Krtnir 
found by means of the Rivo-Hoed sphygmo m a nom eter that the blood-pres¬ 
sure was very high, especially in postpartum ecla mp s i a s , aa observation 
omiflraisd by II. Klehardeon.*" Vaques*” wrote recently that none of the 
theories in vogue in regard to the etiology of eclampsia took into account 
the main and essential feature, vis.,. arterial hypertension. He had 
evidently overlooked the abundant evidence to that effect in literature. 

The spasmogenic poisons are intermediate products of tisane 
catabolism which accumulate in the mother’s blood when her 
auto-protective mechanism, the adrenal system, is inefficient, t.e., 
functionally hypoactive.* 

During pregnancy the mother’s blood becomes increasingly 
laden with waste-products, those of the developing foetus being 
added to her own. To protect her organism, her adrenal system, 
including, of course, the thyroid apparatus, becomes increasingly 
active, owing to the exciting action of these products on the 
test-organ,* to insure destruction of all wastes aa soon aa they 
are found.* When the adrenal system does not become suffi¬ 
ciently active to enhance adequately the blood’B antitoxic proper¬ 
ties—including phagocytosis—the toxic wastes are allowed to 
accumulate in the blood* in sufficient quantities to provoke con¬ 
vulsions, the eclamptic seizures. 


Williamson, of Johns Hopkins, 1 " In his recently published text- 
hook says: “Up to the present time satisfactory proof has not been 
adduced In support of the bacterial nature of eclampsia, nor does It seem 
likely to be forthcoming," and he considers It probable that the “morbid 
process Is caused by some aa yet unknown poisonous substance circulat¬ 
ing in the blood wlileli may give rise to lesions of varying intensity in the 
several organs.” The lesions to which he refers include those I have 
ascribed to excessive hyperwmla in all organs,, the result ot Irritation 
of the general vasomotor center. After alluding to the fact that It waa 
Bouchard who opened up the field of auto-intoxication, he writes:. 
“Blvi#re, in 1888, was the first to put forward the theory that eclampsia 
waa an auto-intoxication resulting from the heaping up of some sub¬ 
stance In the system.” Tender and Chambrelent" 1 and others found 
the toxicity of the blood considerably increased, but this question Is 
still tub judioe. Nevertheless the kinship with epilepsy again suggests 
itself, since Ludwig and Savor 1 " and Hofmann"* irgird carbonic add 
aa the spasmogenic agent, while fhdll™ ascribes this rtle to some "inter¬ 
mediate products from the proteid molecule.” I would again suggest 
that several poisons should be incriminated, since the nervous qysiem 
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aha mppUas fatal nfliito naba under ndi eoudltloM differing Cram 
them cw other tl-gp. In a nmt comprehensive M od i em loar study 
oi the question, ho wev er, Zweifel*" found that the eclamptic eefa u ra 
folkrared the accumulation of, lectio acid—which he ascribes to deficient 
ox y g enati on in the "blood, and that after the aeixureq this arid had 
disappeared. 

That the mother’a auto-protective resources are developed coln- 
ddently with the growth of the fietua through a corresponding augmen¬ 
tation of the functional activity of the adrenal system is fully sustained 
by experimental evidence. Aa to tin pituitary body. Lb Comte*'’ found 
microscopically that, daring pregnancy, the anterior pituitary wae hyper¬ 
trophied; It wae also very much heavier and larger. This was confirmed 
by Launoia and Mulon”* In two instances, one of the parturient* having 
died eclamptic. They found, moreover, a marked increase of the cellular 
elementa. In a more rece n t work*** Prof. Illinois reiterates hla pravloua 
conclusion that in pregnancy the anterior lobe is in a state of marked 
"hyperactivity”. 

Lang,"* In a aeries of 133 eases of pregnancy, found the thyroid 
1 enlarged In 108, the organ beginning to enlurgc about the fifth month. 
This increase in volume ceased, however, if thyroid extract was admin¬ 
istered, and began again when the extract waa withdrawn. On tho 
other hand, Verafraeten anil Vanderllndcn* and Nicholson*** having 
concluded that in eclampsia nitrogenouf metabolism Is impaired, owing 
to Insufficiency of the thyroid, the latter author tried thyroid extract 
and found that it counteracted the morbid symptoms-—a fact repeatedly 
confirmed since, as shown under “Treatment." 

As to the parathyroid*, Vdsaale* reviewed recently hia own labors 
and those of Prpere, Zanfrognlnl and others, which showed lesions of 
them organa after death from eclampsia; of Zanfrognlni, Ernlinlm, 
Thaler end Adler, which showed that parathyroid insufficiency beginning 
during the lest three months of pregnancy roused grave (experimental) 
eclampsia. In two out of three doge in which the parathyroids had 
been removed, Vaasale was able to prevent eclampsia by giving large 
quantities of parathyroid extract orally. Frommer"* has confirmed 
the general trend of them views. 

That stimulation of the adrenal * by the pituitary body increases the 
antitoxic power of the blood, we have seen under “Epilepsy.” The need 
of euch a function In eclampsia la self-evident in view of tho fact that 
Moorin'" found that at the end of pregnancy the blood contains an 
abundance of “partially oxidised products or leucomalnca.” It Is only 
a question whether this function—carried on by the adrenal system¬ 
ic equal to the occasion. As In epilepsy, also, the eclamptic stage is 
an effort of protective functions to destroy the poison. Indeed, Emery"* 
observed that a polynuclear leucocytoais—the Identical cells which wo 
have seen furnish the blood its nueleo-proteid granules—-oernrs at tho 
(meet of the fever, and Kollmann" 1 found a large Increase of fibrinogen, 
a substance rich In nudeo-protrid. In the blood of edampttce. 
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Albuminuria ia an index to the degree of vaboconstriction 
present.* When the vasoconstriction becomes excessive, there 
is added to the albuminuria, transudation of the albuminous por¬ 
tion of the blood (the serum) through the engorged capillaries, 
and oedema of the feet, legs, external genitals and face appears.* 
In marked cases, the trunk and the internal organs, especially the 
lungs, may likewise become oedematous. 

The albuminuria of pregnancy, when moderate, is not due 
to a general constriction caused by the action of poisons on the 
general vasomotor center.* We have seen that it is the result of 
excessive vital activity in the muscular coats of the arteries, 
owing to the unusually stimulating properties of the blood sup¬ 
plied to them through the vasa vasorum and that it is purely 
mechanical.* Though albuminuria is not due to nephritis, 
renal irritation may bo ovoked by the inordinate work imposed 
upon the kidney. Moderate'albuminuria alone is not a threat¬ 
ening condition, therefore; while moderate albuminuria plus 
renal casts may ultimately prove to be.* Albuminuria with 
oedema points to a marked vascular constriction which may be¬ 
come pathological.* 

Lantotf* found albuminuria In 60 per cent, of 600 newly delivered 
women. In over 70 per cent, of 268 primlpane, and over 60 per cent, of 
832 multipane, ana concluded that it haa no pathological eignifloanee. 
Palmer" also found albuminuria in about 50 per cent, of pregnant 
women examined at the Cincinnati Hospital. rajot," nearly twenty 
yean ago, laid stress on the fart that many women who wen highly 
albuminuric do not have eclampsia. 

Willamaon," referring to the older view that nephritis was the 
fundamental cause of albuminuria, states that it was “gradually 
abandoned when it was found that only a small proportion of the women 
had eclampsia.” This shows that the two phenomena an distinct 
entitles. Indeed, as emphasised by Bar," a normal action of the kidney 
does not prevent a fatal ending, while conversely, as shown by Van der 
Velde," albuminuria may be absent notwithstanding the presence of 
marked renal disease. Nor do. as noted by Baft* 4 * and others, casts 
and albumin maintain a co r re s po n ding ratio. Just as the waste-products, 
as already stated, increase eoincldently with the growth of the embry o, 
so did Baft, in his study of 707 cases. And that when albuminuria 
o c c urred, it was b etwe e n the thirtieth and thirty-second weeks, and that 
while it was apt to become very considerable as the puerperium 
approached, it rented during the first days following labor. The general 
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vnaoeoutrictfcm is likewise dsn by Um facts, pointed oat ter 
Nicholson, 11 * that during pngaucy the right side of the heart Is dilated, 
while the left sMo note as though it wen hypertrophied. Obviously, 
as he suggests, this is due to widespread and extreme va soconstriction, 
a eondltwa linked with the albuminuria of pregnancy fay Allbutt, the 
blood bring Jammed Into the venous system. The dilation of the right 
heart affords an idea of the intense centrifugal pressure to which the 
capillary system is submitted, and the familiar fact that the serum of 
the blood normally traverses the walls of the capillaries to penetrate 
the lymph spaces, Indicates how it may travens' mrchauivally the renal 
Alter, or Invade the tissues and render them adematou*. Indeed, In a 
recent paper, MynHeff*** found marked intrsrenal distention, sufficient 
to cause stasis at times, snd limited only by the resistance of the capsule. 

Although dmrpentlfr*" regards eclampsia without albuminuria 
as exceptional, he, Hchrucder and Ingreslev*" found numeroue oases In 
literature in which it was absent. But tills is readily accounted for by 
the fact that In some cases the brunt of the Irritation is borne ter the 
sympathetic centers. Tlie arterioles being constricted, the circulation 
of tne kidneys is Inhibited as It is elsewhere, the pressure bring only 
sufficient to sustain renal activity. In fart, the inhibition may exceed 
tble limit: in 42 eases reported by T. K. Holmes,*" the bladder contained 
no urine in 5 instances, although these eases had all been mlematous, 
while the only case in which albumin wes absent, arileina was likewise 
absent. This esse—in which tlie vasAennstrletion was evidently not In¬ 
tense—hsd onlv one convulsion. Three eases attended with anasarca, 
and "solid" urine as to albuminuria, proved fatal. 


The relative excretion of urea ia an index to tlie proportion 
of the toxic waatop rod nets that arc present in the blood. The 
addition of fcctal products of metabolism to those of the mother 
necessarily involving an increase of them in the maternal blood, 
a corresponding increase in the urea excreted should occur. In 
eclampsia it iB markedly reduced and the severity of a given 
case corresponds with the urea excreted, while improvement 
coincides with a material increase in the amount eliminated. 


Butte*" observed that when in eelampsia the proportion of urea 
excreted was normal, death usually followed: wliife rerovery ensued 
as a rule, when It was doubled. Marx*" lias long emphasised the fact 
that "urea Is always found markedly diminished in the so-called pure 
toxmmfas of pregnancy" and that "tne ammint of urea excreted always 
goes hand in hand with the condition of the patient.” E. 1*. Davis’** 
emphasises the same fact and states that although urea is not itself 
a poison, diminution in the quantity excreted indicates that toxins are 
being retained. Jewett*" regards a marked falling off ns of grave 
Import. Htiouln** found that In eclampsia tlie nitrogen eliminated in 
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fha form of urn vu markedly lover then daring 
Whiter end Clapp - confirmed thie feet experlmenteUy e n d eUma^l}^ 
Williams ate tee that while, during an eclamptic attack, them l a my ly 
always an abundance of albumin, often blood and tube-easts, lb* teradna- 
rtm. of i|| convulsions la marked. In favorable esse s, by a rapid increase 
tn the amount of urine and urea, together with a decrease in the amount 
of albumin.’* 

Treatment. —Measures Calculated to Prevent Eclaitf- 
Tio Seizures. —In view of the foregoing evidence, the import¬ 
ance of frequent examination of the urine is self-evident: at 
least once a month during the firet six months and every other 
week thereafter, the patient being instructed to notify her ac¬ 
coucheur should headache, disturbance of vision, oedema, or 
jaundice appear—all symptoms of beginning toxemia. The 
nrine passed in the twenty-four hours, which will probably be 
found highly colored and scanty, should be measured, and the 
total output of albumin and urea estimated by Esbach’a albumin- 
. ometer and Doremus’s ureomctcr. 

Although the addition of the fcetal wastes to those of the 
mother suggests that an excess of urea should he found, obstet¬ 
ricians are content with a normal output of urea (20 to 24 
grama daily) even if a slight amount of albumin be present. 
Considerable albumin and a diminution of the urea excreted, 
however, betoken danger, and the patient should at once be re¬ 
stricted to milk (which serves both as food and diuretic), two 
quarts at least to be taken in the twenty-four hours, and all the 
water ahe can drink. When this docs not procure the desired 
result, a decrease of albumin, a rise of urea-ratio and free 
diureais, the daily use of saline purgative and hot-pack or sweat- 
bath should he resorted to. 

An exclusive milk diet is recommended by Williamson nnd other 
American obstetricians, and by moat French authorities, Charpentler, 
T* ruler nnd others. Char pen tier,■■ in fact, to avoid all risk, order* it 
as soon as the urine contains the slightest trace of albumin, which would 
mea n that about 50 per cent, of pregnant women should nt one time 
or another be submitted to it Ffcrt* and Tantier (whose experience 

i at the time of their report a ease of 


eclampsia In n patient who had subsisted for eight days on an absolute 
milk diet. An Fir* observes. It does not always counteract tl» albu¬ 
minuria or the tedema, but It averts toxic symptoms. This is ac¬ 
counted for by the conclusion I hare submitted that the two former 
toms, when not marked, ere not necessarily pathological, their 
itence denoting that the patient’s Mood is rich In adremmldnea. 
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If no impranmnt occur in the excretory phenotnenaand 
the be a dac fae and visual disturbances persist; or if drowsiness 
hebetude and other aymptoma previously enumerated as denoting 
irritation of the : vascular centers appear, the likelihood that an 
attack of eclampsia is near at hand is very great When this 
stage is reached, obstetricians usually induce premature labor, 
the life of tho unborn child being sacrificed. According to my 
interpretation of the pathogenesis of the convulsions, other 
means are available, besides those just outlined, to prevent the 
attack of eclampsia. 

The use of saline solution is indicated before as well as dur¬ 
ing the eclamptic period, since it is known to enhance the anti¬ 
toxic activity of the blood by increasing its fluidity and its 
osmotic properties.* When the absolute milk diet is not increas¬ 
ing the excretion of urea, therefore, sodium chloride should be 
added to the milk in the proportion of 50 grains (3.3 gnu.) to 
the pint,* the patient being directed to drink water at stated 
intervals. Often in these cases, there is faecal retention, notwith¬ 
standing daily evacuations. Rectal irrigation with large quan¬ 
tities (one to two gallons) of warm (110° F., 43.3° C.) saline 
solution is very valuable in all cases. 

The experimental researches of Von Fador, Blumenthal, Calabrese, 
LOwy and Richter and others have conclusively demonstrated that tho 
antltoxla powers of the blood are inhibited by a diminution of Its salts, 
while Jacques Loch lias shown that sodium chloride was essential to the 
life of the cell. Its beneficial effect during the eclamptie stage, even 
in apparently hopeless cases, is well known. As stated fay Allen," "it 
is impossible to appreciate its advantages unless one has watched Its 
results." The taste of milk is improved rather than Impaired by the 
quantity of salt mentioned. The effects of thyroid extract are (riven 
below. The use of high rectal injections, especially of saline solution, 
is generally recognised. 

If these measures do not procure the desired result, the 
patient should remain in bed to reduce the proportion of sareo- 
lactic acid eliminated by the muscular tissues into the lymph 
and blood, thus counteracting the only remaining poison-pro¬ 
ducing factor, namely, muscular exertion.* The absolute milk 
diet being continued, thyroid gland should be given in doses 
of 3 to 5 grain (0.2 to 0.3 gm.) doses every three hours, the 
object being to stimulate the adrenal mechanism and increase 
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the antitoxic activity of the blood.* Oxygen inhalations are 
indicated in this connection, to hasten the conversion of the 
adrenal secretion into adrcnoxidasc.* 

The advisability of avoiding muiicular exertion ii well Shown by 
the experiment* of Sfossagiia,*" who found that doge deprived of eome 
of their parathyroid* had typical convulsions after Doing fatigued. He 
emphasises tlie fact that a woman threatened with erlnpsu Is more prone 
to an attack after being fatigued. We have seen that Vassale observed 
marked eclampsia during pregnancy in dags deprived of their para¬ 
thyroids, and that large doses of parathyroid arrested the attack. 

Nicholson*" Introduced this treatment on the well-grounded plea, 
bas e d on Lang’s observation that the thyroid was enlarged, and his own 
that during eclampsia this phenomenon did not occur, that a deficient 
supply of lodothyrln entailed a corresponding inadequate destruction 
of nitrogenous wastes. Although he believed that the antitoxic action 
of the thyroid secretion was duvet and that the poison acted directly 
on the blood-vessels also—both untenable conclusions—the fact remains 
that the abject—destruction of the spasmogenic .poisons—was attained 
in the four cases reported. The doses ranged from 5 to 10 grains 
(0.S to 0.0 gm.). In the first case, the seixures had begun; m the 
' second there was slight general oxlenia and albuminuria; in the third 
the general (edema included the face, the urine was nearly solid, there 
was headache and dimness of vision. The fourth case was similar. 
Nicholson’s observations have been confirmed by several obstetricians— 
but all after the convulsions had begun. Frfihinsholx and Jeandelixe M> 
likewise advised the use of thyroid extract. 

The Inhalation of oxygen nos been found of value even without thy¬ 
roid extract; hence its probable efficiency with an increase of adrenal 
secretion in the blood-stream. 

Simultaneously, if need be f the irritability of the general 
vasomotor center may be reduced by using drugs which are 
known to prove beneficial during the convulsions, and which are, 
therefore, all the more indicated in the pre-eclamptic stage.* 
Veratrum viride is one of these; by inducing relaxation of all 
the arteries of the body it causes accumulation of the blood in 
the large central vessels, and by thus diminishing the cerebral 
hypenemia tends to prevent the impending seisure. It may be 
given in 20 to 30 drop doses of the tincture (1905 U. S. P.) 
every two hours until the pulae becomes Bofter and slower, but 
larger doses are required in threatening cases to obtain this 
result. The physiological action of the bromidea and chloral 
is similar to that of veratrum, we have seen, but their action . 
is more uncertain. 

Hie use of veratrum viride does not prevent that of thyroid 
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extract, since cacti drug acts on a different center. The for¬ 
mer should not be used hypodermically, however, in the pre¬ 
eclamptic period, since the reflex irritation produced by the 
needle and fluid may precipitate a seizure. 

Wood, we han oKo, says that veratrum viride bleeds the patient 
Into hia own wml*—a desirable effect under preeent conditions. 
Thayer" laid atraea on the fact that during puerperal convulsions, a 
“peculiar tolerance” of viride existed, officinal doeee having no effect. 
Ala ia due to the great erethlam of the vasomotor center; hence the 
need of full donee In the preeclamptic period. Kilmr* coneldera it “tin 
moot certain remedy at our command for controlling the apaaina tem¬ 
porarily, or even permanently.” Norris. Hint," .Jewett" and other 
obstetricians of large experience recommend it highly In convulsion*. 
That it ahould be as useful to prereml convulsions, while tlie thyroid 
extract la causing destruction of the toxic wastes in the blood, ia obvious. 

Mearuhes Calculated to Ahheht the Kcumptio 
Seizures. —If, notwithstanding the foregoing measures, eclamp¬ 
sia occurs, efforts to eliminate tlie )ioison and arrest the convul¬ 
sions should even now be made before sacrificing the child by 
emptying the uterus. The irritability of tlie vasomotor center 
is best controlled, we have seen, by means of veratrum viride , 
40 minims (3.6 gm.) of the tincture (1905 U. 8. P.) may now 
be given hypodermically. Pending the vasodilating influence of 
this remedy, the convulsions may be held in check, if absolutely 
necessary, by means of a few whiffs of chloroform (an undesir¬ 
able agent, since it irritates tlie vasomotor center) freely di¬ 
luted with air. Ilypodermoclymg should then be resorted to, 
one pint of saline solution at 110° F. (43.3° C.) being injected 
slowly beneath each breast. This may be repeated if necessary. 
Many experienced obstetricians practice venesection before using 
the saline solution, and find it of material aid. especially in 
plethoric or cyanotic women. To promote diaphoresis, the 
hot pack is generally recommended, and is much safer than pilo¬ 
carpine. Thyroid gland is also indicated during this stage, 
but in full doses. Iodine, in large doses, may serve to replace 
thyroid extract if the latter is not available. (See also p. 784.) 

Tbs c aw In which Norris found veratrum viride most useful were 
tho ee with a full, rapid and high-tension pulse. Cotret" Injects SO 
drops, and the same quantity In SO minutes If the pulse ie not reduced. 
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In one com he thne Injeoted 400 drops, wring the cue, EL P. Deris 
injects 40 minims (1906 U. & 1\) every hour until it fells below 00 
end its tension is decidedly lessened. Hirst, who gives 00 to 80 drone 
(1005 U. 8. P.) es the flmt dose, hss neon ft reduce the pulse to 60 in 
e few minutest es long es it remeined st thst rets no eonrnlskms 
occurred. laptborn Smith*" obtained subsidence of the blood-tension, 
with 80 to 25 minims efter other femilier remedies end even blood¬ 
letting hed failed. 

The beneficial influence of saline solution is well illustrated .by 
the fact that in the Glasgow Maternity the mortality, according to 
Jdrdlne,*" has been reduced from 47 per cent, to 17 per cent, since this 
measure has been introdued. One drachm of sodium clflorlde to the 
pint of water at 110° F. (43.3° C.) is the solution employed, the site 
of the infusion being covered with towels wrung out of hot water. 

Besides the pro-eclamptic cases treated by Nicholson, eases in 
which the seisures had developed and in which thyroid or parathyroid 
extract was successfully employed, have been reported by Maonab,*** 
Baldowslcy,"" Vassals" 1 and others, the last-named author having used 
later,”* and with equal success, parathyroid extract. 

Thyroid extract in large doses is recommended by Nicholson, 
Vothergfll, Stunner"* and Lobenstine."* The latter gave it in 20-grain 
doees (1.3 gtn.) per rectum several times in the twenty-four hours. 

Acting upon my suggestion"* that iodine should prove efficient in 
such cases, Somers"* used doses sufficient to produce iodism of a 
preparation containing a large proportion of free iodine suceeafully. 
This indicates that this halogen can be used advantageously when fresh 
thyroid extract cannot bo obtained. I prefer the iodides of sodium and 
potassium in large doses. It may also be administered per rectum 
with saline solution. 


Morphine injections are advocated by some, bnt the benefit 
produced is an artificial one; the arterioles being constricted, 
the peripheral ciTonlation is hampered and the cortical hyper- 
lemia is reduced. The arteries are dilated behind their arterioles, 
by the accumulated blood; hence, the belief that it causes 
vasodilation. The arterioles of the akin and kidneys being like¬ 
wise constricted, their excretory functions are inhibited.* It 
should not be used, therefore, when the kidneyB are at all dis¬ 
eased. It is far more efficacious, as shown below, when adminis¬ 
tered with chloral hydrate. 

Fronde"* lost two cas es out of five under morphine. Con ve rs el y, 
Fttsgerald"* reports five cases, of which two, treated by chl o ro fo rm and 
delivery, died, while the throe others, in whleh morphine was used with- 
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sol'Ulnqf, Bni .Velt^* ate raeoBandi morphine, but whan renal 
d l a s asa la aofe present—In acoord with Tynan," Reynolds Wilson" and 
others. Hoi^** naea.lt only whan then U free diuresis. He rightly 
avoids It alao during the comatoae atate betwee n leisures. Edward P. 
Daria" adriaea against ita use, especially iu large donee. 

Chloral acta jftuch as does veratrum virido, but, unlike the 
latter, it reduces the sensitiveness of the adrenal center besides 
controlling the irritability of the vasomotor center. While 
relieving the cortical hyperemia, therefore, it tends to reduce 
the antitoxic properties of the blood.* The bromides have a 
similar action, when the doses are sufficiently large to control 
the convulsions.* As a temporary resource, however, chloral 
may be used advantageously when well diluted with water, by 
the mouth, or by rectal injections when the patient cannot swal¬ 
low. 

While the majority of European obstetricians consider chloral too 
depr e s sing. Goodell, Hirst, Charpentier and other experienced observers 
advocate Its uae: Fraser" administered It per rectum, 1 drachm (4 gm.) 
being used for each enema, in 40 cases, and lost but two. Oommandeur" 
contends that Its rectal uae Is defective: it is not well retained ami 
absorption is uncertain. Orally, when each 13 grains given is dissolved 
In at least 4 ounces (120 gms.) of water, it is well borne, and com¬ 
pletely absorbed. Hallowes" reported four cases in which the injection 
per rectum of 00 grains (4 gms.) In 1 ounce (28 gms.) of water gave 
prompt relief. 

itorphine and Chloral. —Combined, these two agents are 
far more useful than when given alone. Morphine being capable 
of stimulating both the adrenal center and the sympathetic cen¬ 
ter, it offsets the untoward action of chloral on the former, but' 
not ita depressing action on the vasomotor center. The chloral, 
therefore, tends to deplete the brain, i.e., the cortex, of its ex¬ 
cess of blood, while the morphine by constricting the arterioles, 
still further reduces the quantity of blood admitted to the cere¬ 
bral capillaries.* 


This accounts for the results recorded by Strooanoff," via., a mor¬ 
tality of 3.4 per cent, out of 82 eases observed by nlm. He Injects ’/, 
grain (0.01 gm.) morphine, and repeats the dose In one hour or earlier 
if tbt patient la irihn. Two boon later be gives ehloral per rectum. 
80 to 43 grains (2to 8 gms.) In aqueoua aolutlon, and repeats It at 
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Intervals of 4, 6, and 8 boon, unlcM the patient be resting quietly. 
Chloroform ie need exceptionally—only In eerere oonvnlelone, pending 
Che action of the KrohuM and chloral. The rectal and rabeutaneoiia 
nee of eallne solution Ie deemed an important feature of the treatment. 
The author did not have to induce tabor in a eingle inetamoe. 

If the foregoing measures prove unavailing, the uterus 
should be emptied. The precautions resorted to in epilepsy to 
prevent wounding of the tongue, etc., during the convulsions, 
axe, of course, as applicable in eclampsia. 

BABIES. 

Synonyms.— Hydrophobia; Lyssa. 

Definition.—Habics. a disorder characterized by violent 
tonic spasms with, in some instances, clonic convulsions, is the 
terminal stage of an infection by a specific virus which causes 
progressive paralysis of the test-organ. The functions of the 
adrenal system becoming gradually weaker, toxic wastes accu¬ 
mulate in tiie blood to a sufficient degree, after weeks- or 
months, to cause a marked increase of vascular tension. As an 
excess of blood is thus driven into all capillaries, including the 
cerebro-spinal nervous elements, these are rendered hyperexcit- 
able. The spasms occur when this hyporoxdtability is suddenly 
enhanced by the appearance in the blood of considerable auto¬ 
antitoxin, due to a defensive reaction of the adrenal system 
evoked by the blood when it becomes sufficiently toxic to irritate 
violently the test-organ notwithstanding the paralysing influence 
of the virus.* 

Lyssophobia or Pseudo-rabies, a morbid fear of hydropho- 
- bia in persons who have been bitten by animals supposed to be 
rabid, consists of a group of symptoms resembling true rabies, 
but including manifestations, such as attempts to bite, bark, etc., 
which are popularly thought to belong to rabies. 

S y mptom s and Pathology.—After a period of incubation 
varying from one week to three months, and in rare cases ex¬ 
tending beyond this length of time, the premonitory symptoms 
appear. At first they resemble those of other diseases, irritabil¬ 
ity, anorexia, insomnia, depression and general malaise. Slight 
headache and rigors with some stiffness and even pain in the 
muscles of the neck, back and shoulder and arms are frequently 



complained of. The tongue is coated, the breath offensive, and 
the pupil ia dilated. There may be alight fever, but in moat 
eaaea the temperature ia normal, and hypothermia ia occasionally 
present. If tlw patient attributes his condition to the bite, 
brooding over its consequences may lead to melancholia and 
influence greatly the symptomatology of the second period of 
the disease. Tho wound, usually healed aoou after the receipt 
of the injury, may be the seat of darting pains, become in¬ 
flamed along, perhaps, with neighboring lymphatic glands. 

Although occasionally rabies occur* long after the Injury, most 
cases in which it appears beyond four months ore not unstained by con¬ 
trol inoculations. Bradford 31 ” states that “the incubation period In the 
human subject lies between 20 to 60 days, and it is exceedingly rare to 
have it appear after 3 months, and 6-months' incubation is practically 
unknown.’ As to the presence of low temperature, Kir Thomas Smith* 
observed a case which on admission had a temperature of 1)3° F. (33.50" 
C.) and a pulse of 36. Amlcrs 3 ** observed two cases in which tha dread 
of the disease after bites resulted in persistent melancholia. 

The spasmodic stage is initiated by the symptoms due to 
excessive reflex irritability of the pharynx, larynx and oesopha¬ 
gus, the act of swallowing provoking reflex spasm of their mus¬ 
cles, and therefore intense dyspmva owing to closure of the 
glottis. At first the difficulty is surmounted, but the spasms 
finally become so intense that they inspire extreme terror, and 
the sight of water, by suggesting the act of deglutition, is suffi¬ 
cient to bring on a distressing seizure. Hence the term “hydro¬ 
phobia,” a misnomer, since it is the spasm that is feared. The 
patient is nevertheless extremely thirsty and soniutimes controls 
himself sufficiently to drink; milk is taken more readily than 
water under these conditions, especially if given in a covered 
vessel. In some cases, deglutition is impossible and the liquid 
regurgitates by the mouth and nose. Even the saliva, which in 
rabies is viscid, tenacious and secreted in greatly increased 
quantity, causes spasm when swallowed, and is expectorated, 
sometimes in its normal state, sometimes mixed with froth, 
owing to the churning it receives in the mouth—the so-called 
“frothing at the mouth.” 

The mucous membranes are not alone in a state of exalted 
irritability; aa in tetanus, there is general liypeneslhesia of 
the skin, and the special senses liecoine so acute that a slight 
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touch, a mere draught, a noise, etc., suffice to provoke a' 
paroxysm. The oriflcial tissues, those of the anus for instance, 
are quite as sensitive, even rectal feeding causing spasm. Nor 
an the muscles of the upper respiratory and alimentary tracts 
alone involved in these seizures; the entire muscular system, 
including both the voluntary and involuntary muscles, may, as 
in tetanus or even in epilepsy, undergo violent contraction. 
The muscles of mastication are, in most cases, alternately 
locked and relaxed, causing the snapping which popular imagin¬ 
ation has interpreted as efforts to bite. In truth, the patient, 
who is relatively quiet and able to speak rationally (at least 
in the earlier part of the convulsive stage), during the inter* 
val between the spasms is usually solicitous about thoBc.who 
minister to his wants. Rolling of the eyes and head, throwing of 
the limbs from Bide to side, etc., as in epilepsy, are also wit¬ 
nessed in some instances. 

As the case proceeds, the mental excitement increases, the. 
patient talking incoherently. This often lapses into the so- 
called “furious” stage, during which the patient is subject to 
waves of maniacal delirium, as it were, attended with delu¬ 
sions and hallucinations of a frightful nature. This coincides 
with an elevation of the temperature, reaching in some cases 
105° F. (40.5° C.), a bounding, tense and rapid pulse, flushed 
face and eyes, and sometimes cyanosis. The pulse may be¬ 
come small and irregular during a spasm developed during 
this stage—a danger signal of oncoming cardiac (coronary) 
inhibition* and sometimes of immediate death.* Glycosuria 
and albuminuria aro also observed during this stage. 

The period of excitement finally passes into one of com¬ 
parative quietude. The patient is then able to swallow with less 
trouble and may be thought to be recovering. But it is in reality 
the. onset of the lethal or paralytic period; the cardiac action 
becomes weak and irregular, and the respiration shallow and 
tiapid. The patient then gradually lapses into unconsciousness 
and coma, dying by syncope or in the midst of a terminal tetanic 
spasm. Death usually occurs within the four days following the 
onset of the convulsive period, but occasionally the patient lasts 
much longer. 
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In rare cam usually in neurotic or debilitated subjects 
or after multiple' lacerations, the phenomena are all ol the 
paralytic type. After the usual premonitory symptoms, dys¬ 
phagia and attacks of spasmodic dyspnuea appear, soon followed 
by coldness, anaesthesia and torpor of tho extremities, especially > 
the lower. Paralysis follows and gradually becomes general, the 
lethal course described above then progressing rapidly. 

The resemblsnae of rabies to tetanus is not only very marked, but 
tetanus is sometimes attended with distinct hydrophobia symptoms. In 
two cases reported by Roberto " 1 and Van Spanje,"* hotli in gardeners. 
In which Infection occurred through slight wounds of the (ass from 
pointed sticks, the phenomena were clearly those of rabies. Anders and 
Morgan"" refer to a ease of tetanus reported by J. W. Ward, in which 
the diagnosis of hydrophobia was maintained several days. The para¬ 
lytic form of rabies, that observed also in Inoculated guinea-pin and 
other animals, the rabbit, mourn, etc., is another point of Miullarltgr 
with tetanus. As to death occurring beyond the usual four days, 
Sweeney and Denny"* refer to a casein whleh death occurred on tho 
fourteenth day following the onset of the rabie symptoms. These au¬ 
thors correctly interpret what a study of a large number of carefully 
described cases Indicates, when they remark: “Tho exaggerated picture 
of rabies in the mind of the laity ami of physicians who have care¬ 
lessly read text-books on the subject Is never met with In actual prac¬ 
tice. The barking, biting, cruwling on all-fours and other extrava¬ 
gant symptoms belong rather to the spurious or hysterical type of the 
disease.” In a case of the latter kind described by tfahricius," the 
patient tried to bite, but he was clearly reproducing hla conception of 
what a rabid man should do—though in tlio midst of a sharp attaok of 
alcoholic delirium from which ho promptly recovered. 

Etiology and Pathogenesis.—Rabies is due to the presence 
in the blood of a poison which violently irritates the vasomotor 
and sympathetic centers.* The resulting intense constriction of 
all arteries causes all the capillaries of the body to become 
correspondingly engorged by the blood forced into them, and 
the spinal (and in some cases the cortical) cells being thus ren¬ 
dered hyperemia, they become, as in tetanus, excessively irri¬ 
table.* As the sensory terminals of the peripheral mucous 
membranes and skin are also rendered hypersensitive through 
hyperemia of their capillaries, the least irritation of the sur¬ 
face provokes a violent reflex spasm.* 

The pharynx, larynx and oesophagus are tho first to react, 
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became it Is to this region that an external irritant is applied 
when, ingesting fluids or food. Irritation applied elsewhere, the 
surface, the ansi aperture, etc., likewise produces spasm in these 
structures and in them only at first because they are nearest to 
the seat of the general centers primarily irritated, those in the 
pituitary body.* 


The presence of marked vascular engorgement haa been emphaaleed 
by a large number of observers. Van Geliuchten end Nfilis, for in¬ 
stance, found “everywhere In the nervous system a vascular dilatation” 
and in some, “general thrombosis of the small veins with an excessive 
perivascular infiltration.'’ BabW* had previously laid stress on this 
condition. In a case controlled by inoculations in rabbits by Ravenel, 
and reported by Kraus*," Wadsworth found “severe congestion of the 
cerebral and spinal meninges, numerous punctate hemorrhages in the 
spinal cord, and a rupture of the pleura. In another case proved by 
inoculations, J. Douglas found “the brain moderately congested, also the 
pons and medulla and especially the Hoot of the fourth ventricle.” 
TcheraiachefT also found small hemorrhages in tlio floor of the fourth 
ventricle, besides intense hyperemia of the white and gray substance of 
the cord, etc. Finally Anglade and Cholreaux," in a series of compara¬ 
tive experiments, found that intense hypensmia appeared early and 
simultaneously in the blood-vessels and neuroglia (which, as I have 
pointed out, are neural capillaries) and that these lesions were not 
specific to rabies, but were observed in other disorders, including epi¬ 
lepsy. As to the throat and (esophagus being the seat of spasm earlier 
than other structures being due to the proximity of the pituitary body, 
Bradford" refers to the fact that "a wound of the face, inasmuch as It 
is near the central nervous system, is for that reason more dangerous." 
The tentorium commune of tne posterior pituitary is essentially the cen¬ 
tral motor system under these conditions, as I nave shown. 

The primary eause of rabies is a specific virus, the nature 
of which has not so far been determined, introduced into the 
bitten tisanes with the saliva of the rabid animal. The develop¬ 
ment of the disease, the spasmodic period, which usually 
ends fatally, depends upon the antitoxic efficiency of the bitten 
subjects blood:—if this is adequate, as is the case in about 84 
per cent, of individuals bitten by rabid animals, the virus is 
soon destroyed and rabies does not develop; if it is not, the 
virus indirectly initiates the disease.* In the latter case the 
interval between the time of infection and the appearance of 
rabies constitutes the period of incubation, and the duration 
of this period is therefore proportionate with the antitoxic 
properties of the blood.* 


• Author'a rovetiialon, 

"Van (Mraehtm and Ndlla: Pimm mMIcata. vol. Til, p. lit, IBM. 
<■* BabBa: WImit m*d. Blitter, Bd. xvllj.Sk MB, 1 BB 6 . 

"Kraaaa: Fhlla. Mad. dear.. Jan. SB. 1B01. 

■* Anatad* and Chnlnaax: Progrtc Odd., May U. IBM, . 

" Bradford: Loe, rtf. 



RAB1I 


1401 


During the incubation the virus is likewise destroyed by 
the blood's auto-antitoxin, but only in the arteries, arterioles 
and capillaries that contain leucocytes, because these cells sup¬ 
ply the proteolytic ferment and nuclein which, with oxidase, 
form the auto-antitoxin.* As, conversely, ndrcnoxidase-ladcn 
plasma devoid of leucocytes circulates in the nervous elements. 

the axis-cylinders, dendrites, etc., the neuroglia and ncu- 
roglia-cclls and all other neural capillaries, what virus pene¬ 
trates into them is not destroyed and it nccuiiiuhitos therein.* 
Hence the fact that the virus is found in the nervous system 


and not in the blood.* 

The penetration of the virus into the nervous system is a normal 
result when, in accord with my views, sll nervous elements contain 
plasms derived from the general eircilalion. 

The minute quantity of virus that is capable of cunning rabies, 
and its presence in relatively large quantities in the nervous system 
and acme glands, and many other facts, involve the need of some organ¬ 
ism such as the bacillus tetani that is capable of secreting toxins. 
Bradford 1 * concludes a review of tlic evidence to this elTect with the 
statement that although “it cannot be said that the identity of the 
organisms of rabies has been clearly established" .... “there are 
many strong arguments in favor of the disease being of mierobie origin. 
He regards l-eblanc’s statistic* as to the proportion of persons bitten 
by rabid animals, and which place it at 18 per cent., as probably the 

* n °** Du bout 1 ™ la credited by Pasteur™ with the statement that the 
virus “propagates Itself insensibly even to the central nervoua system 
along the nervous fibers”—the first suggestion to this effect confirmed 
by Roux and many others. Pasteur, lfurdach, C atani, Di Vestea and 
gagari™ and others also found that the intra-nervous inoculation was 
the more effective in producing the disease experimentally. 

The attenuation of the virus obtained by Pasteur by inoculating 
monkeys in succession has not so for been mkWj' «» "*gly 
accounted for by the presence of auto-antitoxin—the proteolytic triad— 
In the blood of these animals.* Nor has the manner in which the prophy- 
laetlo effects of the Pasteur treatment are produced been "bourn: As 
lhave previously pointed out,™ "the extract of desiccated cord injected 
m|im tne anterior pituitary body'll function* to their normal standard 
and sustains them until all danger Is past." In ” t,M * T . ""T* 1 ?' ** 
latea the test-organ and the blood of the exposed subject *■ 
sufficiently rich in antitoxin to Insure the destruction of the vi m Thet 
ft is upon the functional efficiency of the adrenal system, therefore, that 
the development of rabies depends, is obvious. 

The time finally comes, however—weeks in some, months 
in others—when the gradual decline of catabolic activity dne to 


~nEto«5: “nTto physiol, path, et d« trsltement rsUonnel 

JS 1 --. e. r ds I’Acsd. de mid.. Jan. IB. 1M1. 
m pj*Tmtra mm * Ssxsrl: Glornsle Interne dells ad. medlehe, 

Phils. Med. Jour., Mar. 7, 


» la rags," 

1. si, p. SI, 



' * ' n* 

1492 ummNAx. nokitioni m PATHooEKnaxa and tsbatunt. 


this inhibition of the adreno-thyroid mechanism by the vims, 
provokes so great an accumulation of toxic wastes in the blood 
that notwithstanding its torpor, the test-organ is caused to react.* 
The adrenals and the thyroid apparatus being stimulated, the 
blood receives a large excess of adrcnoxidase and, as a result, a 
corresponding surplus of trypsin and leucocytes, the source of 
nucleo-proteid granules.* The thyroid apparatus being also 
and simultaneously activated, thyroidase accumulates in the 
blood along with the phagocytes produced during the loucocy- 
tosis.* .On the whole, the blood suddenly becomes laden with 
auto-antitoxin and germicidal cells, to destroy the virus if pos¬ 
sible.* If this supreme effort —which marks an advanced stage 
of the disease —-fails,* the paralyzing influence of the virus con¬ 
tinues and death soon follows. 

The reaction to the accumulation of these toxic wastes, 
in other wordB, is the spasmodic period of the disease, the fully 
developed rabies.* This disease differs only from tetanus in 
that the toxaemia is more profound, and in that the virus tends, 
owing to its paralysing influence on the nerve-centers, to limit 
the convulsions of the extremities. The paralytic phase of the 
d is ease coincides with the time when, the virus having obtained 
the upper hand, it paralyzes the central nervous system.* 


7 1 ” * ethl ? ol * h « Is clearly Illustrated by the no-called 
tom of rabies first described by Van Swfeten, in 1771. 
Anden? 11 refers to this disease as follows: “In man there is a para- 
lytlo form of rebin, but it !■ rare aa compared with the delirious or 
pqyohlo type. Thirty cases have been reported by GamaMla, and it is 
apt to follow deep and multiple bites. The paralysis begins near the 
part bitten and spreads until it becomes general, finally involving the 
respiratory centers." If the virus is a direct spasmogenic agent, why 
should the lane quantities introduced fail to produce spasm? Experi¬ 
mental Inoculation points in the earns direction. In rabbits, guinea- 
pigs and other herbivore, the paralytic fora is the prevailing one, aa la 
well known. In mUdts, Di Vestea and Zagari observed that "from the 
fifth day after infection, the temperature rises with light febrile move¬ 
ments, to fall suddenly with the coming on of the first paralytic symp¬ 
toms until the resulting death." We have in the febrile state the mo¬ 
tion of the adreno-thyroid center, but the convulsions witnessed in 
carnivora fail to appear. This obviously shows that the spasms are In 
reality grafted upon the true dieeaeo. 


Prophylactic Treatment—If an extremity la bitten, a liga¬ 
ture should be placed immediately above the lesion to encourage 
bleeding and reduce the amount of virus distributed by the 
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afferent veeacla. The wounde and all their rcco M c a ahonld then 
be carefully cleansed and then asepticized with hydrogen per¬ 
oxide, or a 5-per-cent, solution of potassium permanganate. 
Cauterisation is of distinct value; nitrate of silver has been 
'highly recommended, and pure carbolic acid likewise. Experi¬ 
ments have shown, however, that opening of the wound under 
anaesthesia and thorough cauterization with fuming nitric add 
gave the best results. 


Gowers** states that “it la doubtful whether the diaeuae ever occurs 
if a stick of nitrate of silver la Immediately plunged into a wound." 
Youatt** considers nitrate of silver sufficient; having obtained a fail¬ 
ure in a single case out of 400. F. Cabot" 1 conducted a aeries of com¬ 
parative experiments to determine which wan the bent cauterising agent, 
and concluded that fuming nitric add was the mast effectual substance 
for cauterisation, anil that it was of great value If employed within 
the first 24 hours. J. C. Vaughan"* states that a couple of drc-is suffice 
In the wound made by a tooth. The slough soon separates, leaving a 
dean wound which heals readily. 

Agents Which Inc it ease the Bactericidal and Anti¬ 
toxic Properties op the Blood. —Pasteur’s preventive inocu¬ 
lations, we have seen, owe their virtue to their stimulating in¬ 
fluence upon the adreno-tliyroid center; they enhance, there¬ 
fore, the efficiency of the body’s auto-protective functions.* 
The earlier the treatment is begun the better; as soon as the 
wounds are treated as above and dressed, the patient should be 
sent to the nearest Pasteur Institute. The dog should not bo 
killed, since the non-development of rabies in the animal within 
a few days affords proof that the bites were benign. 


Pasteur Institutes have been established In New York, SIS West 
Twenty-third Street; Baltimore, corner of Saratoga and Calvert 
Streets; Chicago, 228 Dearborn Avenue. 

Other prophylactic measures have been suggested. Bouchard used 
successfully in animals a fluid obtained by filtration from rabies-infec¬ 
ted nerve-tissue. Babes, In collaboration with Lepp, Cerchex and Tele- 
■ecu," 1 likewise conferred Immunity In animals with a scrum of inocu¬ 
lated dogs—a result also reached by Tixsonl, in collaboration with 
Schwmrtir* and Centanni,** with sera obtained from rabbits and sheep. 
These agents have failed to gain the confidence of the profession. The 
serum recommended by Tixsonl is for more powerful than that of BoMs; 
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but the feet that It h obtained from herbivore lumti the reaeon for 
this: bring poor in antitoxin, the blood of theee animate le rich In virus. 
BabAe'b Hermit obtainrd from Carnivora ia leas dangerous, the virulence 
of the virus Ming mitigated by the potent antitoxin found in the blood 
of such animals; but In the Pasteur method the material used at first 
is obtained from spinal oords in which the virus has been rendered 
Inactive, and it is only when (from mgr viewpoint) the blood has thus 
been rendered richer in antitoxin that the virulent oords are used. It 
is, therefore, the least dangerous method of its kind. 

P. B. Hadley* 44 wrote recently: "Of 1008 cases treated at the New 
York Pasteur Institute previous to 1901, only four gave symptoms of 
disorders which could be traced directly to the treatment. Three had 
a partial paralysis of the lower limbs, lasting from one to three weeks; 
ano patient had facial paralysis lasting four weeks. All of these 
eases made uneventful recoveries. The anti-rabic vaccinations may 
cause a slight nervousness among neurasthenic and hysterical 
persons; but these disturbances are never serious and are extremely 
rare. As to actual fatalities, records show that out of 1387 persons 
treated at the New York Pasteur Institute in the years 1890 to 1900 
there were nine deaths, a mortality of 0.65 per cent. In 1900, from 
January to September, at the New York Pasteur Institute, there were 921 
cases treated and two deaths, representing a mortality of 0.1 per cent. 
From October 1, 1904, to October 1, 1900, there were 488 treatments with 
one death, representing a mortality of 0.208 per cent. Reports from other 
Institutes show about the same results; and finally, a compilation of 
statistics from the reports of the Pasteur Institute of Paris for the 
last twenty years shows that, out of 20,000 treatments, the mortality 
rate has been 0.25 per cent.” 

Unfortunately not every one can bear the direct and traveling 
expenses which the Pasteur treatment involves, especially in this country, 
where the Pasteur Institutes are few. The need of equally active prophy¬ 
lactic agents, offering also the advantages of Ming within the reach of 
any physician, Is, therefore, very great. 

When the spasmodic or second stage of rabies is allowed 
to develop, the patient is practically doomed, his auto-protective 
functions being virtually paralysed.* It is upon the efficiency 
of the preventive measures, therefore, that his life depends.* 
Both the virus and the toxic wastes being destroyed by the 
blood’s auto-antitoxin, and thyroid extract causing a rapid in¬ 
crease of the latter, this remedy not only meets the conditions 
of a powerful prophylactic, but being available everywhere, its 
use may be begun at once; 3 grains (0.19 gm.) should be 
given every two hours, in adults.* As its untoward effects are 
due to vasoconstriction of the cardiac coronaries, which, when 
excessive, inhibits the heart,* the action of the remedy should 
be watched; and if the pulse become weak or dyspnma appear, 
the dose should be reduced. After the second day, 5 grains 
(0.3 gm.) three times a day after meals suffice to sustain the 
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antitoxic activity of the blood above tlic normal standard— 
above, in other words, the efficiency required to destroy the 
virus.* 


Hie pathological kinship between rabies and tetanus, and the 
remarkable effects of thyroid extract in the tetanic convulsions that fol¬ 
low extirpation of the thyroid, distinctly point to this remedy as valu¬ 
able in tills connection. We have seen that the proportion of adren- 
oxidase can be gauged by the coagulation time and that thyroid extract 
rapidly Increases the blood's coagulating properties, and that the propor¬ 
tion of adrenoxldase betokens a corresponding increase of antitoxin. 
Strychnine, we have seen, likewise enhances the formation of oxidase. 
Fleet-Surgeon Thorpe* 1 * recently ascertained that a remedy used success¬ 
fully by the Chinese not only as a prophylactic, but as a cure in the 
early stages of developed cases, was a species of strychnos seed which, 
on analysis, gave the characteristic tests of hruciue and strychnine, the 
former being in excess. In India, an insect ckwely related to the ordi¬ 
nary cantharia venieatoria is used with success, according to Kotak. M 
This coincides with the Russian method, i.r., hypodermic injections of 
potassium cantharldnte, '/«, to V„ grain (0.001 to 0.002 gin.), or 
tincture of cantharldeo, 10 minims (0.U gm.) three times daily, tlarlie 
is extensively used by the Arabs. All these agents are powerful adreoo- 
thyrold stimulants—though all much less so tlmn thyroid extract. 

Moreover, a number of observers have found that in vitro the blood 
destroyed the virus in from IS to 22 hours; hut, as previously stated, 
such experiments have but little value, the ndrenoxidase being promptly 
reduced by the phoaphorus-laden nueleo-proteld in the plasma. 

Among other agents which powerfully stimulate tlic adrenal 
center and enhance, therefore, the production of auto-antitoxin, 
are the iodide*, the hiniodide of mercury, and digitalis. Tho 
first named most nearly approximates thyroid extract aa a 
prophylactic.* Ixws active as adrenal stimulants are strychnine 
and quinine; hut by stimulating, in addition, the vasbmotor and 
motor centers, and causing general vasoconstriction, they cause 
accumulation of the blood in the cutaneous capillaries, including 
those around the injured area, where the auto-antitoxin can best 
destroy the virus.* Cocaine suggests itself as an efficient pro¬ 
tective agent in this connection, hut tho danger of initiating 
the cocaine habit should lie borne in mind.* 


The rapidity with which the hydrochlorate of quinine drives the 
blood towards the periphery and Uni* overcome* a localised accumula¬ 
tion of pathogenic organisms, their toxin* and detritus, i* well shown 
by its effect in the treatment of furuncle. Kven If the boll is one of 
a long series, 3 grains (0.18 gm.) every three hours muse a flushed 
face, tinnitus, headache, etc., after eight or ten done*. When this staff* 
la reached, the furuncle rapidly recede*. In some of my eases it began 
to do so after the sixth dose. This method should not be used in sub¬ 
jects in which arteriosclerosis I* likely to be present. Smaller 
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mj 8 iNlqp (0.18 gut#) with 1 grain (0.088 gm.) of thyroid, d m la 
the nine manner, eoon increase the proport i on of orltiaee in the blood 
without, in the average ease, oatuing either tinnitus or the other phe¬ 
nomena mentioned. Cooaine might be nsed in the manner 1 have indi¬ 
cated under “Coca and Cocaine.* 

Heat is a powerful prophylactic. By exposing Hie bitten 
extremity of the body to a vapor bath until free sweating occurs, 
blood ia not only drawn to the surface and the injured area, 
but the proteolytic activity of its antitoxin ia greatly enhanced.* 
The chances of insuring destruction of the virus are, therefore, 
correspondingly increased.* Its immediate use should be sup¬ 
plemented by another sitting, after the blood’s antitoxin will 
have been augmented by means of thyroid extract or one of the 
above-named adrenal stimulants.* 

We have seen that the proteolytic activity of ferments in anto- 
ontltoxln Is greatly increased by a marked rise of temperature. The 
use of the vspor-bath woe recommended by Buleeon, and baa been used 
successfully in many instances. The unsatisfactory explanations given 
aa to Its physiological action, and Its use by laymen, have caused the 
method to fall into disrepute. Bnt Shepard*” baa collected a number of 
bona fide instances in which It bad been need successfully by physicians 
not only ns a preventive, bnt also In fully developed cases. My inter¬ 
pretation of Its physiological action accounts for these results. 

I r re s pective of the Pasteur method, the foregoing measures appear 
to me ample to prevent the development of rabies in subjects bitten by 
rabid animals. 

Aa in tetanus, the diet ia an important feature of the mor¬ 
bid process.* The fact that the spasmodic stage does not, aa a 
rule, occur in some herbivora, points to the need of avoiding 
the accumulation of toxic wastes derived from animal foods, i.e., 
of prohibiting the use of meat until all danger ia past.* The 
patient should also drink water freely in order to facilitate the 
elimination of end-products of metabolism. 

Treatment of Developed Babies.—In the light of my views, 
the measures recommended for the corresponding stage of 
tetanus are 8a applicable in rabies. The reader ia therefore 
referred to page 1446. 

If used promptly, during the premonitory stage, these 
measures, supplemented by others described below, may turn 
the tide in favor of the patient. As file saliva in easea of de¬ 
veloped rabies has been proved to he infections, the attendants 
should, carefully cover any abrasion that they may have on the 
hands or face. 
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A§ mercury and iodide stimulate most actively the adrenal * 
center, it is apparent that thyroid gland must be effective in 
rabies as it is in tetany, but in larger doses, since the virus 
tends to paralyze the test-organ.* Either of the former agents 
may be used when the thyroid extract cannot be obtained.* 

Again, inasmuch as the spasmogenic agent is in rabies, as it 
is in tetanus, an autotoxin, the antitetanic serum meets the needs 
of the situation, ft should be used in large doses, however, and 
injected into the median basilic vein.* Many of the successful 
cases reported had been bled; but aa bleeding alpno provokes 
tetany by diminishing the volume of fluid in which tire spasmo¬ 
genic autotoxin is dissolved, it should be promptly supplemented 
by intravenous injections of saline solution. 

That spontaneous cure may occur her been shown experimentally 
fay Htayes."* Out of 150 animals in which the virus waa Injected in 
fatal doses, recovery occurred In 13 instances In which Pasteur preven¬ 
tive inoculations were used. The seven animals treated by the Pas¬ 
teur method recovered. Laveran" and Chantemesse^ have likewise 
reported bona fide cases which led them to conclude that rabies waa not 
ne ce ssarily fatal. Although the many oases cured during the earlier 
portion.of the nineteenth century suggest the possibility of errors In 
ctewii, the fact remains that, according to I.ueaa Bonham, 111 mercury 
held a prominent place in the 50 instances of recovery cited, Illing¬ 
worth™ recommends intramuscular Injections of the bin iodide of mer¬ 
cury with sodium Iodide (1 to 50). 

The use of saline solution was praised fay Magendfe many years 
ago. The reasons adduced in favor of Baccelli'n oarbolia odd treatment 
obtain aa well In rabies, and there Is reason to believe that It would 
prove very efficacious In this disease, since, as observed by Blasl and 
Travail, the virus Is easily destroyed by antiseptics, especially creolln. 
Moreover, the oral use of a solution of carbolic add has been highly 
recommended by Dflclat and Peyroulx™ aa a prophylactic. 

The vapor-bath has occasionally given good results even 
when the convulsive period was well advanced. During the 
premonitory stage, the procedure may be carried ont readily, but 
when the convulsions have begun, it ia sometimes necessary to 
fasten the patient to the bed or chair. 


Interpreted from my standpoint, aa previously stated, the proteo- 
> i.e., antitoxic, property of the blood Is greatly enhanced by heat. 
ogff“ states that “the effect of the vapor-bath upon the body tern- 
tan is very profound, the rectal temperature rising In the coarse of 


tic, i.e., antitoxic, property of the blood is greatly enhanced by heat 
eUoan aM states that “the effect of the vapor-bath upon the body tem- 


prevknisly stated, the proteo- 
is greatly enhanced fay heat. 













1498 inthrnal aaoaanom in pathoornnsib and trnatmbnt. 


tomperatura rim mors rapidly and to a higher point than the rental 
temperature.” Obrfcra^ly the bath inhibits for a time the elimination of 
heat and thus provokes a temporary fever, which, like all febrile pro- 
Beaeee, nerves to destroy the pathogenic element-* 

Bulsaon't own esse hardly warranto the diagnosis of rabies; hut 
Instances of unmistakable rabies in which the Buisson method was suc¬ 
cessfully employed were observed fay Leon Petit, Hermanee, Cameron, 
Gray and others."* Some of these used the Turkish bath; but as Kel¬ 
logg says i “The temperature of both the rectum and the axilla rises 
much more quickly in the vapor-bath than in the Turkish or dry hot 
air hath.” Cithers apply the cold-sheet after the vapor-bath; but this 
imposes upon the patient an unnecessary hardship, and drives the blood 
into the deeper vessels, including neural capillaries. The longer blood 
is kept in the peripheral capillaries, the longer, of course, the virus and 
the spasmogenic autotoxins will be exposed to the blood's proteolytic 
action. 

Measurkb Which Control Spasm.— Here, again, {he 
measures recommended for the corresponding stage of tetanus 
are indicated, but only when their use is necessary to arrest the 
spasms or reduce their violence while the blood’s auto-antitoxin, 
augmented by either of the remedies mentioned, is counteracting 
the paralysing influence of the virus.* The latter is in reality 
the death-dealing agent in rabies, and to destroy it should be 
our aim.* The bromides, chloral and kindred drugs being 
themselves pnralysants.* amyl nitrite inhalations are preferable, 
though the former cannot be dispensed with, as a rule. 

A ton-per-cent, solution of cocaine hydrochlorate sprayed, 
not into the mouth, where it is wasted owing to great amount 
of saliva secreted, but into the nasal cavities as far back as pos¬ 
sible, suggests itself as a valuable adjuvant to prevent parox¬ 
ysms.* It trickles down the post-nasal cavities and the pharyn¬ 
geal wall and by anesthetizing the superficial sensory terminals 
of the latter, inhibits the intense reflex irritability so manifest 
in this region.* 

Osier"* recommends the local application of cocaine, but the quan¬ 
tity of saliva In the inouth and the Irritability of the phurvnx render this 
measure very difficult Free spraying into the nose while the patient 
is in the recumbent position is readily accomplished. 


• AatSer** eearfwHse. 

■ Cited to Shepard: Lae. ill.' 

■* Osier: "‘Pmctiee of Medicine," third edition, p. m, UN. 



CHAPTER XXV. 


THE INTERNAL SECRETIONS IN THEIR RELA¬ 
TIONS TO PATHOGENESIS AND THERA¬ 
PEUTICS (Continued). 

PAIN-CAUSING DISORDERS DI E TO IIYPOACTIVITY OF THE 

ADRENAL SYSTEM. 

Balfour 1 wrote a few years ago, referring to the patho¬ 
genesis of gout: "With all our increased accuracy in details, 
it does not appear that our ideas of whnt gout really is are any 
clearer or any better defined than those of our forefathers.” If 
Anything, the obscurity surrounding this question may be said 
to have become greater, more recent investigations having over¬ 
thrown those which ten years ago seemed of great promise. 
Even these modem products of the laboratory evidently rest 
upon a very weak foundation, for Graham Lusk in a recently 
published work 1 (190(5), closes a review of purin metabolism in 
gout with the suggestive remark that "present-day doctrines 
concerning metabolism in gout may shortly become entirely 
obsolete through new and far-reaching discoveries.” In truth, 
the labor that physiological chemists have devoted to this sub¬ 
ject, though fruitful as to valuable cxjieri mental facto, has re¬ 
mained sterile as to final results, and will continue to do so 
because they persist in ignoring the cardinal functions of the 
adrenal secretions in metabolism and in the life process itself, 
where their work has proven as futile. Indeed, Lusk b’bo writes 3 
in this connection: "However dearly formulated the laws of 
metabolism may lie. and many of them are as fixed and definite 
as are any laws of physics and chemistry, still the primary 
caqse of metabolism remains a hidden secret of the living bio¬ 
plasm.” It is only by a broad and generous conception of all 
available lines of knowledge that we ean ever hope to solve these 
great problems which, as we have already seen, involve several 
of the scourges of mankind. 

nHaSa ia^tha’scSaM of Nutrition,” p. NT, INI. 
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In the present chapter 1 propose to show, not-only that the 
internal secretions, as I interpret their functions, play a domi¬ 
nant rflle in the pathogenesis of gont, but also in two otHbf*pain- 
ful disorders closely allied to this disease, migraine and neuritis, 
including neuralgia. 

GOUT AND GOUTY DIATHESIS. 

Synonyms. —As to Gout: Podagra. As to tho Gouty 
Diathksis : ihe Qouty Habit; Uricetmia; Lithamia. 

Definition.—The " gouty diathesis* is a chronic disorder of 
metabolism, due to inability of the adrenal system to insure, 
through its active agent, the auto-antitoxin (leucocytic and plas¬ 
matic), the conversion of food nuclein into harmless, diminablo 
end-products. This inability may be actual, i.e., due to hypoac 
tivity of either of the organs of the adrenal system; or passive, 
these organs, though normal, being unable to provoke the for¬ 
mation of sufficient auto-antitoxin to insure catabolism of the 
excess of wastes with which the lymph and blood are burdened 
when overrating is indulged in. In either case the blood con¬ 
tains more or less toxic wastes of the pnrin type, which incite 
the various disorders usually ascribed to the gouty diathesis.* 
Acute gout is the indirect result of an exacerbation of 
chronic interstitial nephritis due, in turn, to the presence in the 
blood of wastes which aggravate this renal disease. The free 
excretion of the sodium salt of uric acid, sodium biuratc, being 
prevented, its crystals accumulate in great part in the joints, 
owing to the absence in their synovia, under normal conditions, 
of auto-antitoxin and phagocytes. The acute attack is incited 
by a local inflammatory process which entails the presence of 
these defensive agents and the conversion of sodium biurate into 
simpler products, especially urea, to facilitate their excretion. 
If this process is imperfectly carried out, tip sodium biurate 
accumulates about the joints, forming tophi.* 

Symptoms and Pathology.—An attack of acuto gout is 
generally preceded by premonitory symptoms, disorders of 
digestion, anorexia, flatulence, foulness of the tongue, vertigo, 
irritability—or the converse, mental torpor and drowsiness— 
palpitations with a tense, hard and sometimes irregular pulse, 
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obstiiute constipation, irritative cough, tinnitus annum, mus¬ 
cular $ramps. neuralgia, perversions of aensntion. especially at 
the extremities, chilliness, etc. Any of llicsc symptoms may 
occur in groups which may be said to vary with each rase, each 
sufferer having, so to say. his own set of precursory signs. 
These usually cease, however, immediately before the onset of 
the acute attack; in fact, the patient may feel unusually well. 

These phenomena do not always culminate in an attack of 
gout; they are the expression of a condition which has been 
termed liXhamia , urattrmia, uricacUItemia. uriearmia, etc., which 
may appear as readily in subjects who have never suffered from 
acute gout, as in those who have. In the former, however, the 
, symptoms are less marked: the tense, hard pulse is replaced by 
•A slow pulse, and irritability with depression of spirits, gastric 
disorders with marked acidity and nausea, constipation, vertigo 
and throbbing hendachc, constitute tho symptom-complex in the 
average case. Eczema and other cutaneous disorders, hay-fever, 
migraine, asthma, pharyngitis, and many other disorders have 
been ascribed to lithiemia. 

The onset of the acute attach usually occurs at night, the 
patient being awakened by a very intense pain in the metatarso¬ 
phalangeal joint of the great toe. Other articulations, those of 
the great toe of the other foot, the fingers, knees, elbows, etc., 
may then become involved in the morbid process. Any of these 
joints may be the seat of the initial attack, especially if pre¬ 
viously injured. The affected joint becomes the seat of great 
tension and throbbing, and the excruciating pain is still further 
intensified by the slightest touch or motion. After a few hours, 
i.e. M towards .dawn, relief is experienced, and the patient, after 
perspiring freely, is able to sleep. Some pain is experienced 
during the succeeding day, when the affected joint is found 
Swollen, shining, tense and very tender. The acute pain only 
recurs the following night and thereafter each succeeding night, 
with daily remissions, until the attack passes off. 

During the acute attack, the temperature is somewhat : 
raised, t.e v 100° to 108° F. (37.8° to 38.9° C.) and the pulse 
likewise from 80 to 100. In the affected joint, however, tly> 
opposite is the case, the temperature being considerably lower 
than that of the tyxiy at large, sometimes os much as 0° F. 
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(5i* C.f/'TPhon^h'W«t ^i* usually maifred; anorlSfia an# even.^ 
Vision fpt solid foods are often corrMpottdJngly great, .There 
is hedSino, rarely accompanied by vomiting, and, as a tnle^ sat 
itipjtien. The urine presents almost typical changes:, it fct 
scanty, acid and highly colored, its specific gravity being Jufeh- 
yric acid and urates are precipitated on standing. The unne 
of'subjects suffering from “lithmnia” or “uricacid»mia”-4he 1 
go-called gouty diathesis—presents precisely the same character¬ 
istics. Albumin and sugar are also present during acute attacks 
of gout. 

‘ As the attack progresses, the affected joint or joints become 
somewhat cedeniatous—a symptom especially noticeable wliaz^ 
^largb joints are involved. About the fourth or fifth day, all the. 

’'acute symptoms begin to recede; the inflamed joint gradually 
; becomes less painful, and desquamation occurs, the pain being 
replaced by tenderness itching—sometimes quite severe—and 
stiffness. 

Huch an attack usually lasts from six to ten days, but remie-' 
sion may appear and greatly prolong it. This is apt to occur 
in cases of long standing. When complete recovery is reached, 
.the patient may be, in lietter health than before the attack. 

Recurrence of a seizure may at first take place only after a 
year, but the intervals usually become shorter as time progresses 
until the attacks recur repeatedly in a twelve-month. As they 
become more frequent, the pain loses its severity, bnt the patient 
steadily becomes weaker, the joints do not as readily resume 
their'freedom of action, and may remain, in fact, swollen and 
sensitive, the case la;wing into one of chronic gout. 

In asthenic coses of long duration metastasia sometimes 
occurs, the so-called metastatic or retrocedent gout, the symp- 


> topis, including the pain, in a joint suddenly disappearing, tp 
>spapp«ar abruptly in some internal organ, the heart, brain, stonf- 
,,ach, testicles, bladder or parotid gland. When the heart receives 
>* the brunt of the attack, its action becomes irregular and there is 
’ 'severe pnecordial pain and dyspnoea. The most prominent cere- 
• btal mail ffeolations are violent excitement with severe headache^ 
' or, conversely, hebetude; these may be asaociated with the gaa- 
fre metastatic aymptoma, namely, vomiting and diarrhoea, with" 
severe gastrointestinal pain and marked weakness. In the 
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pother orgunM nAme§ the phesfomSaa .are dioSe itilhin in&fcm- 
matiqp, *«., cystitis, tntehitia ‘ and: parotitis. iMUsUEtic gout '*#' 
t]be heart and brain has been attended by sudden death, * 1 " 

Chronic gout generally occurs, as already stated, in' baser' 
weakened by repeated attacks, particularly in those of long 
■landing, and in aged subjects. The affected joints then fail to 
unfergo resolution and remain stiff and swollen. Tophi or 
hart! masses of urates then form over them, causing them to 
.become nodulated and greatly deformed. Ho great arc these 
accumulations in some instances that dislocation of the joint is 
caused. The skin may also be stretched to such a degree that it 
, sometimes breaks, allowing the chalky masses to fall out or to 
remain exposed. When the large joints are the scat of these ■ 
accumulations, they become rigid, and the patient is gradually 
transformed into a cripple. Especially is this the case when 
the softer structures, the periosteum, tendons, bursa?, etc., are 
invaded by the morbid process. Almost any portion of the 
body, in fact, may become the seat of deposit*, the eyelids, the 
"'cornea, the crystalline lens, the cartilages of the ear, nose, the 
skin, etc. 

Pathogenesis.—The cause of the" symptoms attributed to < 
a “gouty diathesis'’ and of those witnessed in acute gout, is in- 
’ad equate catalmlisni of certain food-products. As the efficiency 
of nil catabolic (t.*., digestive) processes in the body is de¬ 
pendent upon the adrenal system, it is primarily to the inability 
of this system to provoke the formation of enough adronoxidase,, 
nuclein and trypsin—auto-antitoxin—that the morbid process 
is due.* 

The inadequacy of the adrenal Bystem is only relative, 
hi,not due to actual functional debility of the adrenal center and 
ojjher organs of the adrenal system, in most eases of “litheemia” 
or gout caused by excessive indulgence in animal food and trinef 
containing considerable alcohol, etc.* Even the excessive stim¬ 
ulation to which the adrenal center is submitted in such cases, 
as shown by the resulting arterial tension, the peripheral jyyppr- 
t'kpnia, the congested face, etc., is Inadequate to free the blood of 
toxic wastes by breaking them down to simpler and benign end*, 
i products.* 


a • lllter*! 
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Tn the majority of caaodj' however : tbrdse lA Which heredi-* 
taiy pmhepoekion .is grreseut,, those jluo^ tct'inBiiffldietat' food and 
squalor (“poor inanVguutf’) or*t6 overwork, physical or meh- 
tal, or to chrohic load-poisoning, both “litHaemia”' and gout, 
Acute or chronic, are the result of actual functional weakness of 
the adrenal system, and to the imperfect catabolism of waste- 
* products which this entails. 

This relegates the primary cause of gout to a nerve-center, that 
of the adrenals, which governs ail nutritional processes. Cullen, over 
thirty years ago, attributed to the nervous system the primary role in 
the pathogenesis of gout. Levon, of Paris,* Mortimer Granville,* Sir 
Dyce Duckworth and others have strongly urged the same view, i.e., that 
the accumulation of the pathogenies elements was the result of a neu- 
roala. VIndevogel, of Brussels,* more clearly defined the nature of the 
central disorders, t.e., “an enfeeblement or lessened activity, of the 
- trophio nervous centers, and a loss of equilibrium between the oro crime s . 
of assimilation and disassimilation, by which the products of dlsintegra-* 
tion are rendered incomplete or tonic to the economy." ' ’ 

The pathogenic influence of debility of the adrenal center may be 
illustrated by the connection between lead and gout, urged by Garxod 
(1809), Dickinson, Lancereaux, Rocenstein, Leyden and others. Nobri- 
couvt,* in a comprehensive study °f the subject, found that it followed 
slow intoxication, that it appeared at about the same age as ordinary 
gbut, to, during the fourth decade, and that the gouty, ala thesis evokatF 
by lead could be transmitted by heredity. Now, Lemofne and Joire* had^ 
previously ascertained that,the metal interfered vitty oatabolianj thus, 
favoring the formation of'uric acid and urates. LUthleP found the 
blood loaded with urie add in saturtkine gout—a fact which available 
knowledge could not explain. It is clearly accounted for, however, by 
the fact that lead markedly depresses the functional activity of the 
adrenal center, and, therefore, the production of adrenoxldase. The 
^paralytic phenomena, the wrist-drop, the wasting, etc., also show that 
r)t reduces nutrition, i.e., that its action Is a debilitating one. Bou- 
trihard has pointed out that gqpt is a result of “slowed” nutrition, i.e., of 
-inhibited metabolism. "Poor man's gout" likewise exemplifies the influ¬ 
ence of impaired nutrition in the pathogenesis of the disease. 

The gastm-intestinal disorders observed in nTiciemic or 
' gouty subjects are the normal ontcome of the imperfect gastric 
juice and* auto-antitoxin produced, since the gastric glands, as * 
well as the pancreas, are themselves inadequately nourished wlpq 
tho Supply of adrenoxidase in the blood is subnormal.* This 
applies likewise to the muscular coats of the stomach and intes- 

,'tjnes; hence the gastric dilation and constipation, the post- 

'■ * 
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prandial discomfort, the nausea, the acidity, the flatulence, etc., 
observed in such cases;* These are not manifestations of gout: 
they are the expression of the debilitated condition of the gov¬ 
erning center of nutritional processes, i.e., the adrenal center.* 

The gastro-infcestinal digestive functions being imperfect, 
the products of digestion are correspondingly unfitted for 
absorption. As it it this material which the digestive leuco¬ 
cytes take up in the intestinal canal for conversion into nucleo- 
proteid granules, i.e., into living tissue-chromatin, they liccoinc 
laden not only with what products of digestion arc suitable for 
assimilation, but also with products that have been imperfectly 
digested.* The leucocytes thus garner in the alimentary canal 
materials which are foreign to their own intrinsic functions and 
which ultimately become the patliogenic elements of gout.* 

That broken-down leucocytes can be the source of the pathogenic 
elements of gout was suggested by Horbacsewski," who held, however, 
that there was a constant proportion between the number of white cor¬ 
puscles and the amount of uric add excreted. The latter conclusion was 
refuted by Kolisdi u and others, and is likewise defective from my stand¬ 
point, since we are dealing with a physiological—and therefore momen¬ 
tary—leueocytosis which invariably attends digestion, and not with th« 
loueocytpsis that occurs during disease, though Chalmers Watson" 
found myelocytes in the blood in the interval and during an acuta attaek. 
The fact remains, however, that leucocytes are now the recognised source 
of the pathogenic elements of acute gout, especially since the investiga¬ 
tions of Bunan and Schur" and Marts". The latter observer found, 
moreover, that an increase of uric acid excretion occurred immediately 
after meals. This coincides with clinical observation. A. Robin," for 
instance, considers “the leueorytie origin of uric acid as definitely 
settled” and says, referring to great meat-eaters: “The blood contains 
an enormous quantity of leucocytes. This fs what is termed digestive 
leueocytosis.” 

On reaching the tissues, or rather the pericellular lymph- 
spaces, the leucocytes deal out their nuclco-proteid granules, and 
these are absorbed normally by the tissue-cells, and converted 
into living substance, i.e., chromatin.* In addition to these 
physiologically normal elements, however, the leucocytes simul¬ 
taneously secrete products of disintegration formed in these cells 
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out of the imperfectly digested food-etuffs absorbed by them in 
the alimentary canal.* Their two products differ totally, there-- 
fore, in that the granules are useful bodies built up by the leuco¬ 
cyte, while the abnormal substances are products of disintegra¬ 
tion ejected by the cell as unfit for the elaboration of living sub¬ 
stance.* 

The identity of these wastes depends upon the stage of dis¬ 
integration they have reached when excreted by the cell, and 
this, in turn, depends upon the digestive activity of the intra- 
leucocytic ferment: (1) When the adrenal system iB debilitated 
and the production of adrenoxidasc is deficient, the cell is itself 
poorly supplied with this sulistancc and the heat-energy liberated 
through its reaction with the cellular nuclein is inadequate to 
raise the proteolytic activity of the cytase, i.e., the celFs own 
proteolytic ferment, to its full potency.* As a result, imperfect 
disintegration occurs, and the materials ejected by the leuco¬ 
cyte* are intermediate waste-products, i.e., ailoxuric or purin 
compounds: xanthin, hypoxanthin, purin, adenin, etc.,—all de¬ 
rived from nucleins (and not from proteids). Several of these 
bodies, especially xanthin and hypoxanthin, are poisonous; they 
are not only the pntliogcnic elements of the so-called “gouty 
diathesis,” “uricojinia,” "lithnsmia,” etc., but they also play an 
important rfile in the pathogenesis of migraine and other disor¬ 
ders. (2) When, conversely, the adrenal system is adequate 
and an ample supply of adrenoxidasc is available,* the proteo¬ 
lytic process is carried on further, and instead of the toxic inter¬ 
mediate wastes just referred to, the leucocytes excrete a sub¬ 
stance which, though not poisonous in itself, may, under certain 
conditions, provoke acute gout, namely, uric acid. 

The foot that, as I pointed out In the fifteenth chapter, leucocytes 
Ingest food- products to convert them into timue elements, lutnnonises 
various discordant views. Horbacsewskl believed that nucleins were not 
the direct source of uric add; he concluded, however, that they pro- 
voked lcneocytosis, and that these leucocytes, when broken up, were the 
source of the lirio acid. Since the latter has bee n known to originate 
directly from nucleins, this interpretation has been generally 
Still, the prevailing view, aa stated by Hammers ten, is that -the nrls 
add, in so far aa it la produced from nuclein hues. Is In part derived 
from tiie nucleins of the destroyed cells of the bodv [tissue cells] and 
in part from the nucleins or free faaaee Introduced with the food.- Tf, 
however, aa I have pointed out. It is the function of the leucocytes to 
- Ingest all food -produrts, uric add is, as waa suggested by Horfaacaewsbl, 
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dnirad from these cell* (mainly accreted by them with their granule* 
in the lymph-spaces, according to my interpretation), though derived 
from nucleins, m accord with hi< opponents. Kven his belief that leuco- 
cytoaia played a part in the process U warranted, provided we consider 
it a digestion leueocytosis. Ilorbacaewaki can lie raid to have been 
radically wrong only in believing that uric acid was not derived directly 
from nucleina. 

Another important feature of the problem is the identity of the 
process through which the nucleins are converted into xantliin, uric 
acid and other purin compounds. Contrary to the prevailing belief that 
"oxidation” ia the direct agent, I attribute thia rftle, in keeping with the 
▼lews advanced in the fifteenth chapter, to a trypsin-iilce enzyme whose 
nucleolytio activity is sustained by heat-energy liberated by tlie inter¬ 
action of adreuoxidase aud nuclein secreted by leucocytes. This view 
harmonises with modern experimental evidence in tlie present connec¬ 
tion as it did when studied in its relations to the digestive process In 
the alimentary canal, the leucocytes and tlie tissue cells, as inuy be shown 
by a few salient facts. 

Tlie process of uric acid formation described by Kossel anil Fiselier 
was reviewed in the first volume. 11 Briefly, they showed that the allox- 
uria or purin compounds, including xantliin, hyisixuntliin, etc., and uric 
acid, were disintegration-products of the niirleius, nuclco-protelils or 
nucleic acid of many articles of food. Horhucsewski then found that 
the purin compounds could be converted into uric acid, and, moreover, 
that when spleen pulp, which ia rich in nuclein, was fed to man or ani¬ 
mals, the output of uric acid was increased. Krllger and Relimid” then 
found that when xantliin. hvpoxantliin, gunnin or ailcnin was adminis¬ 
tered to men, the output of uric acid was likewise augmented. These 
facts clearly point *o food-nucleins as the source of uric acid and to the 
latter aa an advanced disintegration-product. 

That a digestive ferment is the active factor in the process Is sus¬ 
tained by recent research. Mendel, 1 * for example, says in a recent (1006) 
paper: “Eiuymes are no longer thought of exclusively as agents of tlie 
digestive apparatus; they enter everywhere into the manifold activities 
of cells in almost every feature of metabolism”—a fact fully in accord 
with the functions I have ascribed to the “digestive triad.” On page 131) 
of the first volume I wrote: “Horbacxewski, in a series of experiments, 
observed that splenic pulp, allowed to digest several hours with blood 
at the body temperature, gave rise to a marked increase of uric acid and 
nuclein bases, but that the relative amounts of these products depended 
entirely upon the degree of oxidation.” In other words, simple digestion 
—and therefore a limited supply of oxygen—gave xanthfn and hypoxan- 
thin; the addition of oxygen, on the other hand, caused the formation 
of urlo acid. Now, the constituents of the triad were obviously present: 
the phosphorus-laden nuclein in the splenic pulp; the adrenoxidase, ren¬ 
dered very active by an artificial supply of oxygen, in the red corpuscles 
and plasma; and the trypsin In the leucocytes and plasma. 

It now becomes a question whether the tissues contain a ferment 
capable of co n ver t ing purin bases Into uric acid. Such was found to be 
the caae recently by Bchittenhelm. 1 * Alcohol Inhibited the action of thia 
ferment—precisely as It does, we have seen, that of adrenoxidase. Move 
to the point, however, was the observation of Durian, 1 * that muscles, and 

C rtleuwrly the liver and spleen, contain an omidaae which can convert 
poMMllui Into uric add. Thia process also requires a free supply 
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of oxygen. That, in view of these experimental facta, a deficient supply 
of aarenoxklaae should entail an accumulation of these toxic wastes in 
the body is self-evident. 

Uric acid, though itself harmless, becomes pathogenic when, 
owing to imperfect elimination, from any cause, it is allowed to 
accumulate in the body. It may then give rise to acute gout. 

An important pathogenic factor in this connection is gran¬ 
ular atrophy of the kidneys, a condition in which the permeabil¬ 
ity of these organs is more or less reduced. It occurs in 
individuals who have suffered during a prolonged period from 
the so-called "uric acid diathesis,” t.e., individuals'in whom, 
owing to insufficiency of the adrenal system, the blood is more 
or less laden with purin compounds.* These bodies, xanthin, 
paraxanthin, adenin, guanin, etc., arc not only toxic, but they 
irritate sufficiently the renal epithelial elements, while being 
eliminated, to provoke after a given time the local organic 
lesions which interfere with the free excretion of uric acid. 

A temporary accumulation of these poisons in the blood 
during an exacerbation of lithicmia may also cause a sufficiently 
marked renal congestion to interfere with the free elimination 
of uric acid and thus provoke an access of gout. 


As ii well known, considerable uric add ie found In the blood 
in leulusmla; and yet these eases do not suffer from gout. In these eases 
the kidneys are permeable. Conversely, Levison,** who first drew atten¬ 
tion to the pathological importance of renal lesions -in gout, writes: 
“In all described cases of gout in which the post-mortem examination is 
mentioned, the kidneys have been found diseased, and in almost all cases 
they were suffering from granular atrophy." Luff, moreover, found 
nratic deposits in 41 cases out of 77 cases of granular kidney. Levison 
also states that in all such cases, “the power of elimination of the kid¬ 
neys as regards uric acid, as well as various other substances, is dimin¬ 
ished," and that "the consequence of this defective elimination of urio 
acid is its retention in the blood (von Jaksch)." Since these lines were 
written ca s es of gout and littuemla have been reported in which no renal 
lesions were found after death, but If we take into account the well- 
known fact that the kidneys readily bpcome congested under chemical 
irritation, it is evident that their permeability may readily be com¬ 
posed during life, though no lesions he discernible post-mortem. 

That purin co m pounds, xanthin, hypoxanthln, adenin and guanin, 
are the. renal irritants, while uric add per se is not. was first shown 
by Gaudier, In 1884, This was fully confirmed by Kotlsch,** whose can- 
elusion was based on obs e rv a tions which Included experiments by Tandler. 
The renal lesions thus produced artificially were found fay Paltauf and 
Albrecht to be identical with those found in gout. Croftan" also found 
that both xanthin and hypoxanthln, when injected hypodermically in the 
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strength of 0.3 to 0.7 per cent, watery eolution, for a period of several 
months, produced graaular defeneration of the epithelial ceils iialnf 
the convoluted tubules and a proliferation of the endothelium of the 
intertubular capillaries. 

If renal lesione—or inflammatory impermeability—are nrrreeery to 
provoke gout, lead-gout should likewise be attended with such lesions. 
Levison, referring to the experiments of Charcot, Btnet, Coen and 
d’AJutolo, and to clinical observations “in persona exposed to lead- 
poisoning,” nays that “one of the earliest and moat constant symptoms of 
this disease is a pathological change of the renal tubuli conducive in 
rather a short time to granular atrophy of the kidneys.*' Moreover, 
Oarrod,* and others since, found uric acid in the blood of rears of 
chronic lead-poisoning. As lead depresses the functional activity of the 
adrenal center, and inhibits, therefore, the formation of adrenoxldase, 
the cause of the renal lesions is the same as in gout, i.r., inadequate 
cleavage of Ingested nucleins and the production of xanthin, hypoxanthin, 
etc. Again does it become evident, therefore, tliat gout is primarily 
due to any toxic capable of causing adrenal insufficiency. 

In the " gouty diathesis” or " lithannia" some of the symp¬ 
toms are due to the primary depression of the adrenal system, 
namely, the gaatro-intestinal disorders, as already stated, the 
vertigo, the depression of spirits and the slow pulse—all mani¬ 
festations of inadequate oxygenation.* Other symptoms, how¬ 
ever, are the result of the imperfect catabolism which this inade¬ 
quate oxygenation entails, the pathogenic agents thus formed 
being poisonous intermediate wastes of undetermined nature, 
but which include xanthin, paraxanthin and other purin bases. 
They do not include uric acid, however, since this substance is 
the normal end-product of nuclein catabolism, which is as harm¬ 
less in itself and as readily eliminated by the kidneys as is the 
normal end-product of proteid catabolism, urea. Among the 
symptoms produced by these toxic subcatabolic wastes are those 
due to the penetration of the poisons into the axis-cylinders, 
cell-bodies, dendrites, and other nervous elements, along with 
the adrenoxidase circulating through them.* Hence the migrain¬ 
ous headache, the neuralgia, the shooting pains, or the opposite 
states: anesthesia and other paresthesias, and also the extreme 
nervous irritability so frequently observed in these cases. 

The symptoms of the so-called ”irregular *" or “atypical 
gout” observed in lithtemic subjects, and which sometimes alter¬ 
nate with attacks of true gout, are due to the same aubcataholic 
poisons, including also xanthin and other pnrin compounds, hut 
not to nric acid. Jn addition to the lithaemic symptoms just 
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enumerated, these poisons give rise to eruptions end pruritus 
(as excretion products), flushes of heat, sometimes limited to the 
palms and soles, muscular pains, especially in the back, and 
inflammatory phenomena in various organs, the bronchi, 
pericardium, bladder, gums, etc., and also in the vascular walls, 
leading to arteriosclerosis.' Many other disorders, migraine, 
epilepsy, tetanus, eclampsia, etc., in which these subcatabolic 
poisons play the leading rdle are reviewed in this chapter. 

In both of the above syndromes—which in reality differ 
only in name—certain of the phenomena are due to a direct 
action of the subcatabolic poisons upon the centers in the pitui¬ 
tary.* The flushes of heat and a febrile process in which the 
temperature is raised two or three degrees P. are often con¬ 
comitant general phenomena which point to excitation of both 
the adrenal center and the sympathetic center, and to increase 
of the propulsive activity of all arterioles.* Fever denotes here 
an effort to raise the nudeolytic activity of the blood, i.e., its 
asset in auto-antitoxin, and thus to convert the subcatabolic 
poisons into uric acid, i.e., into a benign eliminable end-pro¬ 
duct.* 


Uric arid la found in the urine of man and other carnivorous 
.bum 

In fact, "the greater part of the nitrogen of the urine,** 
imaraten, “occurs in this form.’* It Is evident that In 
these animals it occurs as a terminal waste-product, that as such it le 


•<:>ucn«ru. xnis was iniiy connrnw ay uronan," oocn as to large 
quantities, and as to small quantities given hypodermically a long time, 
three months. Microscopical examination of the kidneys In the 
animals of the latter aeries revealed no abnormalities. Deposits of 
mates were found In none of the structures examined, inelmHwg the 
synovial membranes and Joints. 

We have seen that xanthin, paraxanthin, etc., produced marked 
Irritation of the kidneys) Salomon," Fllehne," Paohkta and Pal" and 
Haehford," have shown that these aubstaneee can provoke various ner¬ 
vous disorders. Including migraine, muscular rigidity, tonic spasms, am* 
also marked arterial tension, arter i os cl erosis, dyapncea, cyanosis and 
rigor mortis. Paraxanthin obtained from the urine of n ease of mi¬ 
graine which lapsed Into “eplleptotd** tonic spasms, described hr Bach- 
ford, reproduced the latter—“almost a tetanus”—in mice, folwa 
found that 0.0008 gm. (*/«• gr.) sufficed to tetnnlae a mourn fatally. 
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Cfcnftan,* Mnmr, found la all so-called uric add disorders, "an abao- 
lato fura w mar tba aonaal of tba nm of urle add and aHoanrio 
bam" and considers tba latter aa tha only true pathogenic agents. Ha 
alao attribatea their formation to defleient o i yg maHon, for "If oxy- 
gmatlnn la suffiricat,* aaya thla Investigator, “wo novo tba formation of 
aria add; thla la tlii normal pun. Thla obvloualy brings ua book 
again to debility of tba adrenal mtcm aa tba primary oaoae of all 
so-called “urleaddmilaa.” 

Theaa facta indicate, moreover, that xanthln and paraxantbln are 
not only renal irritants, but alao Intenaa neural excitants. Theaa phe¬ 
nomena are readily accounted for alnce I have ahown that the btood- 
nlaam a, the carrier of theaa poleona, circulates in the neural elements 
themselves, axis-cylinders, the flbrlla of the oell-bodiee, the dendrites, etc. 

The premonitory symptoms of acute gout arc similar to 
those of M lithaemia” and “irregular’" gout and are due to the 
same subcatabolic poisons. Here, however, the pathogenic in¬ 
fluence of xanthin, paraxanthin, etc., assumes the primary rfllc. 
It is to the renal disorder evoked by these poisons that the attack 
of acute gout is due when the quantity excreted is sufficient to 
provoke marked hyperemia or inflammation, whether the kid¬ 
neys be previously diseased or not.* Hence the fucts (1) that 
the premonitory signs cease lief ore the onset of acute attack, 
(2) that they are not always followed by an access, or (3) that 
between the premonitory signs and the onset of acute gout 
there is usually a period of relief and well-being—all the result 
of a more or less complete renal elimination of the alloxuric 
poisons with what proportion of them may have lieen further 
catabolixed into uric acid.* The attack of gout fails to develop 
if the kidneys are left permeable after this eliminatory process; 
conversely, it envelops if the renal congestion produced is suf¬ 
ficiently active to inhibit markedly the excretion of uric acid 
and to cause it to be retained in the body in sufficiently large 
quantities. 

Although renal disease Is probably present In the vast majority 
of eases of gout, as ws have seen, ft cannot Itself be the direct cause 
of tbs attack, since the latter would he continuous—In keeping with the 
renal lesion. As the average attack usually lasts but a few days and Is 
followed by a period of health, jt is evident that a tem por a ry exacer¬ 
bation of the local lesions or an ephemeral Inflammatory p roce s s Is neces¬ 
sary to account for It Xanthin, nypoxanthin, etc., being irritants of the 
renal elements, become normal causes of this te m p orar y morbid pro- 
esep, especially In view of the feet that even 'arge doses of urle acid 
given orally or hy poder m ically, are harmless. 

Although under th ese conditions, the excretion of urle arid or Its 
salts during the attack must vary with the functional efficienc y of the 
diseased klaneys, the nueleolytle activity of the blood, etc., and therefore, 
to a great extant. In different ea ses, and at different times in the course 
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authors ban noted > diminution of tlu vita utd sxeratle- 

dlatriv bofora the Mute attack. Hl»* tor example, found that while the 
anna quantity of vrte add excreted by llthnmta onbjeota m ri mU a r 
to that enrated by healthy penona, "on unite attack of gout was prao- 
ttaally Invariably introduced by a very masked dep r ee eton la the quan¬ 
tity of urle arid, or oven Its complete disappearance. This oconrrad on 
tbs day before the attack tat 10 Instances, taro days before the attack In 
8 instances, and three days before the attack ln 8 Instaneea.’* This Is 
explained by the eoorse of events outlined In the general text: the 
une arid accumulated In the body (owing to increasing renal inflamma¬ 
tion) during the one to three days preceding the attack, and the latter 
brake out as soon aa the volume of uric arid re a ch ed a sufficient level. 


Although carried by the blood-stream to all parte of the 
organism, uric acid accumulates in fluids such as the synovia of 
joints, lymph, etc., and tissues such as ca rt i l age, ligaments, ten¬ 
dons, bursa, etc., because it is not as actively exposed therein to 
the substances which in the blood serve to antagonise its mor¬ 
bid effects.* Gout being in reality a febrile disease, and the 
expression of an autoprotective function, the blood becomes 
loaded with defensive materials, namely, leucocytes capable of 
acting not only as phagocytes, but also as the purveyors of the 
trypsin and nuclein which, with the adrenoxidase dealt out by 
the red corpuscles, constitute the auto-antitoxin.* Aa uric acid 
can be further cataboliaed under these conditions to still simpler 
products, urea, allantoin, glycocoll, and other bodies more read¬ 
ily excreted by the congested kidneys than uric acid, the blood, 
especially while in transit through the liver, is kept relatively 
free of uric acid as long as the febrile process lasts. Not so, 
however, with the joints (and nerves) and other structures 
enumerated. In synovia, for example, the red corpuscles and 
leucocytes are absent under normal conditions, and uric add 
failing to be destroyed therein as elsewhere, it accumulates in 
the joint.* During the attack the latter ia the seat of an exuda¬ 
tion containing many leucocytes, but as compared to the blood, 
very few red corpuscles. As the local supply of adrenoxidase, 
of which these cells are the carriers, is deficient, the heat energy 
available'to wise the catabolic efficiency of the trypsin is far 
below that of the blood, and the curative process is slow in pro¬ 
portion. Hence the fact that the temperature of an affected 
joint in gout is sometimee aa much as 6° F. (3.3° C.) lower 
than that of the body at large.* 

w^Sv^DraTAnSSv t kite, Sri. BS.ixv.UMl UN. 



In the joint Effected the lesion is that of a low grads of 
inflammation, involving, however, a certain degree of softening 
of the exposed cartilage, and penetration therein of the adcnlar 
crystals of the sodium salt of nrie add, sodium biurets. 
The curative process therein is a counterpart of that carried on 
in the blood. It is efficient, therefore, in proportion as the 
activity of the adrenal system is marked, U, in proportion as 
the relative volume of adrenoxidase, nuclein and trypsin in the 
fluids is great.* . As leucocytosis is likewise commensurate, all 
else bdng equal, with the adrenal activity, there is (1) breaking 
down of the uric add salt into simpler products, especially urea, 
by the auto-antitoxin, and (8) phagocytosis of tiie detritus^—the 
cartilage being left somewhat granular.* 

As stated by Lasaras Barlow,** “It has been repeatedly proved 
by quantitative analysis that the amount of uric add In the I 'mli at 
its maximum Immediately before an attack of gout, and diminishes imme¬ 
diately after the attack has subsided. Ibis, taken In conjunction with 
the fact that the crystalline sodium blnratc is actually found in Joints 
that have been the seat of gouty Inflammation, la sufficient evidence 
teat gout depends upon the retention of uric add.’' Analysis of these 
statements, which are baaed on a comprehensive view of the literature 
of the subject, will Indicate that my interpretation of the process— 
that submitted shove—is in aooord with experimental evidence, besides 
harmonising with the conclusions submitted in the foregoing pages. 

“The power of the animal organism to catafaoltse uric add like 
other nitrogenous compounds” is considered by Mendel, “one of the 
fruits of modern research which has profoundly changed our attitude 
toward the problems of purin metabolism.” Wohler and Freriche,** 
Wiener** and others have shown that uric add could be destroyed In 
great part in the organism, and more or lew completely converted Into 
urea. Salkowakl, Mendel, Brown, Minkowski have pointed to allantoin 
as an Important product of uric add, Wiener to glyeoeoll, etc. Chas- 
sevant and Richet, 1 * Aseoll” and others found that the liver played 
a very prominent part in this pro ce ss. Sehlttenbelm** reeently found 
that too sets of ferments were concerned in this process, one of whleh 
hydrotysee and detaches the ammonia group, while the other omiMam 
and breaks down the nrie add. The former is obviously the trypaio 
ferment and the letter adrenoxidase.* 

That the Joints should, c o n v e rsely, be the swt of alow catabolism, 
is shown by the fact that even during active Inflammation the local 
te mpe ra ture Is relatively low. Thus, Balfour** refers to “the absence of 
arawalTn bwt in Joints affected with gout” and to the fact that “soma 
iilmennis have found such Joints lower in tem per a ture than surround- 
lag parts.” Dyes Duckworth” observe d a difference of live de gr ee s . 
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■ mi the local temperature, notwithsta n d ing the 
Ive or elk degrees be tow that of tha axilla at the 


.tkm of heat, la 
same time." 

The urine often shows clearly the p r ese n ce of mal obrtraotloiii 
we bare seen that It Is scanty, hlgr ly colored, ate. While the uric add, 
excreted In twenty-four hours before and during the attack, may be 
markedly reduced, as emphasised by Bartel, Dyce Duckworth a n d 
others/* having obtained but 0.2 to 0.5 gm. (3 to 8 grains) from 
100 gma. (37. ounces) of urine (which in naalth gives 1 to 1.5 gm.), 
a long In some cmm with nil excrement!tioun product*, the end of tho 
attack In characterised by a free excretion of urea and uric add which 
continues several days. Still, the clinical evidence on this score is quite 
aontradlctoiy. This is readily accounted for by the fact that the catabol- 
idn n properties of the blood and the degree of redial disorder may ha 
■aid to vary with each case. 

When the uric acid salts or biurates accumulated in joints 
(and* elsewhere) fail to be adequately broken down to simpler 
products, they accumulate in aitu, forming tophi. At first mor¬ 
tar*] ike and soft, these nodules gradually harden, and as succeed¬ 
ing accumulations occur, the joints become increasingly snky- 
losed and distorted. The development of tophi, of chronic 
gout, is due to debility of the adrenal system, to insuffi¬ 
ciency in the body-fluids of tho “digestive triad/* i.e., of auto¬ 
antitoxin, of the sensitising thyroidase. and of the phagocytic 
leucocytes whose mission is to prevent such accumulations by 
ridding the regions attacked of all detritus.* 


Wa have seen that chronic gout occur* in esses weakened by re¬ 
peated attacks and in aged, individuals—all subjects in whom debility of 
the adrenal system is self-evident. As stated by Leviaon, “the urine in 
chronic gout is pals and watery” and contains “casts of renal tubuli, 
hyaline or granulated,” evidence of marked renal implication, while “the 
patients are weak and pale.” Indeed, ae taught by Bouchard" over 
twenty years ago, tbe phenomena often observed In chronic gout, cedesa, 
cardiac lesions, cerebral and gastric disorders, etc., are in reality renal, 
and the patient dice of hie renal dir—— 


Treatment. —Measures Indicated Dubino am Acute At* 
tack. —Between the use of “flannel and patience’* recommended 
by Cullen and the modern local hot-air bath at 300° F. and 
above, applied to the affected joint, are many devices such as 
the hot. douche, the local sweat pack, the local vapor bath, 
radiant heat, the hot dry pack, etc., the application of hot 
alcohol, hot anodyne liniments, etc., which, whefl judiciously 
employed, prove very efficacious. The mode of action of heat 
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In this connection illustrates tliat of remedies which, given inter¬ 
nally, have likewiae been found useful. During the attack, the 
affected joint, we have seen, is invaded by leucocytes which sup¬ 
ply it with this ferment and nuclein, while red corpuscles, the 
purveyors of adrenoxidase, are relatively few. Though trypsin 
and nuclein are plentiful, therefore, in the exudate the adren¬ 
oxidase is scanty, and the heat-energy liberated when it com¬ 
bines with nuclein -is insufficient to raise the activity of the 
try pain to a level that will insure prompt conversion of the 
accumulated uric acid into benign and eliminable products.* 
As the source of the heat-energy required in the process is imma¬ 
terial, hot lotions, hot dry air. etc., are effective in proportion 
as they are able to raise the temperature of the interior of the 
joint to a level at which trypsin, «.#>., the local auto-antitoxin, 
becomes very active.* Hence the relatively great efficiency of 
hot diy air, which brings to hear upon the surface greater heat 
than any other procedure. Massage, when it can lie borne, 
hastens local resolution by a similar process.* 

We have seen that, as stated by Ilammarnten, temperature exerts 
"a very important Influence” on ferments. Roberts" showed, moreover, 
that tna activity of trypsin increased with rising temperature until 
80° C. was reached. Artificial heat was lined here, the trypsin being 
fit vitro. Active congestion of the joint, encouraged by using it, is bene¬ 
ficial in much the same way. Balfour" refers to several eases mentioned 
fay Cullen, Sir William Temple, Gairdner and others, who "walked 
off" their attacks, and to Baernaave’s advice to take much and continu¬ 
ous exercise, and to rub the affected part, ete. Any procedure which 
increases the activity of the local circulation not only augments the pro- 

C tfon of "digestive triad" supplied to the part, hut raises also the local 
perature, and hastens the removal of detritus.* Hence the recog¬ 
nized value of massage. 

Appropriate purgatives at the outact of an acute attack 
serve several purposes: they enhance the cataliolic activity of 
the blood not only in the liver where the breaking down of toxic 
wastes is most active, but also in the body at large, and thereby 
tend to arrest the accumulation of uric acid in the joints.* 
Moreover, by increasing the excretory activity of the intestinal 
canal they reduce the work imposed upon the kidneys and 
diminish the congestion of these organs.* 

Moat active in this connection are the mercurial purgatives. 
Aa they atimnlate powerfully the adrenal center, the production 
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of auto-antitoxin is increased and the specific action of these 
agents an the liver enhances actively the destruction of uric 
add. 41 Calomel or blue-mam gives excellent results. Colocyntk 
and jalap have likewise been used, bat their effect upon cata¬ 
bolism is much less marked. A- saline purgative given after 
either of these materially aids the beneficial effect by causing 
flushing of the intestine with a serous discharge. 

Tbs beneficial action of calomel baa been emphasised by Grimm.*" 
Having employed it expecting merely a purgative effect In a case, he* 
obtained marked amelioration in the condition of the Joints. Similar 
results were then observed in 18 out of 20 cases which form the basis of 
Ms report.' Levlson states that In England, where gout is especially 
common, practitioners often begin the treatment “by the administra¬ 
tion of a free purgative: calomel and jalap or mistura senna com¬ 
posite.** 

The remedies which have held fheir own in gout, produce 
their main effect by acting much aa do eholagogue purgatives. 
Colehieum is the most prominent of these agents. Like purga¬ 
tives, it increases general catabolism in the blood, and partic¬ 
ularly in the liver. Given in excessive doses, however, or too 
long, it stimulates powerfully, not only the adrenal center, but 
also the vasomotor and sympathetic centers, producing not only 
a marked increase of vascular pressure prejudicial to the kid¬ 
neys, but also exposing the heart to inhibition by causing undue 
constriction of its coronary arteries.* The danger-signals are 
active purgation and weakness of the heart’s action with, per¬ 
haps, some irregularity. It is to its action on the sympathetic 
center and the constriction of the peripheral arterioles that it 
owes its analgesic property, the supply of arterial blood to the 
sensory terminals of the skin being thus reduced.* In the 
average case 10 to 80 minims (0.61 to 1.88 gm.) of the wine 
may be given every three hours. Colchicine is pref er red by 
many clinicians, the dose being f / M grain (0.0013 gm.) every 
four hours, or better */ 1#s grain (0.0006S gm.) every two hours. 
The drug should be withdrawn when the pain is controlled 
(usually within 48 hours) or when purgation is 'marked.* The 
Carlsbad waters owe their marked beneficial effects in gout to 
their main constituent, a purgative salt, sodium sulphate, and to 
the ingestion of considerable water which their use entails; the 
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active ingredients of Scudamore's remedy an also purgative 
—Hwm, rr<agrahlm sulphate and magnesia. 

Ootahknm la generally conaldered aa a specific for goat. H. GL 
Wood" states that “ad far aa our knowledge reaches, eoknleum or Ita 
■HmIuM, whan given in therapeutic d oee a , produces no definite symp- 
(ona earn purgation.’'' That it doea more, no waver, fa ahown by evt- 
dense quoted by this author. Aa I previously stated, the curative pro- 
eaaa la dna to the breaking down of uric acid Into aim pier products, 
urea, for luatance: Christ!son found “in the colchlcum-urine the propor¬ 
tion of urea nearly double;” in rheumatism, Maclamui* also found that 
“the p roport io n of urea waa very greatly inc re a se d.*' This la not con¬ 
troverted either by the observations of Graven and Gardner, that the 
urataa (total) “diminish under the use of the medicine," since the pur¬ 
gation deviates the excretory current from the kidneys, or lnr t h ose of 

m m ___n a _ • si ii_ee a _ _ m _•___a _ 




dlatlnetly the elimination of urea and uric acid, aa well as the amount 
of urine; while largo doses lessened the amount of urinary secretion 
and Increased slightly the dally elimination of urea and une acid” in 
dofm. Although the kidwaya were,, of course, not diseased, the catebolle 
action of the drug ia emphasised by the effect of email doses, while the 
derivative action of purgative doses is ahown by that of the larger doses. 
In the light of my views, therefore, the experimental testimony la not 
discordant, aa generally believed. 

Hie physiological action of salicylic acid and the salicylates 
in goat differs only from that of eolchicum -in that these drugs 
do not provoke purgation. By stimulating the adrenal they 
enhance the blood’s catabolic activity, especially in the liver, and 
promote thereby the elimination of urea and uric acid.* As 
does colchicum, they relieve pain by stimulating the sympathetic 
center (a process that entails the same danger of arresting the 
heart when used recklessly), and thus causing constriction of 
the peripheral arterioles.* By thus reducing the blood supplied 
to the cutaneous capillaries, they lower the superficial tempera¬ 
ture (ita so-called antipyretic action).* 

Some clinicians prefer the salicylate of sodium to colchi¬ 
cum, but the great majority regard it as inferior to the latter. 
Ten grains (0.6 gm.) every two hours give the best results. 
Many other preparations of salicylic acid are now available, hat 
all act more or leas actively in the same way. 

The action of the ullcylttn on the liver la often overlooked. 
Wood, however, exye In thle connection: “The belief of many clinician* 
that the ealkylatea have a distinct action in stimulating the biliary 
eeiiiiitinii seems to have a solid experimental foundation” and refers to 
the rnsrerrhns of Morelgne,” Bain, Pfaff and Baleh. Aa to their notion 
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on metabolism, he eta tee that the experiments have bean "eo numeroua 
and concordant in their relations as to prove that in the normal man or 
animal, salkylla add and its preparations Increase to a very great 
extent the elimination of urea and uric add.” 

Haig 11 observed that sodium valley late failed when there was gen¬ 
eral debility, and in sequence to oolchlcum. In the former case, the 
adrenal oenter is itself sometimes too debilitated to react under the 
relatively week stimulation of the salt, though it would act under a more 
powerful excitant, potassium iodide, for Instance.* That it should not 
set after oolchlcum Is obvious, since the latter drug Is the more powerful 
adrenal stimulant.* 

Curative properties are ascribed to piperazine mainly be¬ 
cause it forms with uric add in vitro a urate which dissolves 
in forty-seven times its weight of water. In practice^ however,. 
though it tends to increase the excretion of urea and diminish 
that of uric add, it does not produce effects indicating that in 
the blood-stream it behaves as it does in vitro, and it has been 
found less efficient than either colchicum or the salicylates by 
the majority of dinicians, in acute gout. There is ground for 
the bdief, however, that it tends to prevent the development of 
acute attacks by stimulating sufficiently the adrenal center to 
insure the breaking down of renal irritants, xanthin and hypo- 
xanthin, into urea.* It is administered in the form of “piper- 
aiine water,” a quart of which contains 15 grains (1 gm.) of 
piperaxine. During acute gout this quantity is given in divided 
doses; as a prophylactic one-half of this, i.e., 1 pint (500 gins.) 
daily is sufficient. 


The large quantity of water thus taken Is unquestionably an 
important feature of the remedy's action. Still, Blesenthal and 
Bcbmidt^ obtained beneficial effects with the salt Itself. Sehweningei* 
found it especially efficacious when given with considerable water. In 
the form of “plpensln water” it has been found efficacious by Wilcox, 11 
Page,* Eshner* and others. In various gouty conditions, as well as by 
a large number of foreign o b serv e rs. 

The ingestion of large quantities of pure water during an 
attack and in disorders due to the gouty diathesis facilitates 
greatly the elimination of uric acid by the kidneys, owing to the 
lower specific gravity of the blood-fluids produced. This action 
is enhanced, however, when alkaline mineral waters are used 
instead, especially those of which sodium carbonate and sodium 
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#side are the main constituents. They not only increase the 
fluidity of the blood, but facilitate osmosis, the sodium ion acti¬ 
vating simultaneously cellular metabolism, and, therefore, cata¬ 
bolism. When in acute gout the fever is at all marked, tho free 
use of beverages of this kind is of paramount importance. 


Over fifty years ago, Guelle showed that pure water Ingratod In 
lugs quantities increased the elimination of uric add, and that after 
tl«l« process had continued a few days, the excretion fell and sometimes 
eaaaed, the blood having been, so to say, relieved of all free uric acid. 
Robin" recently confirmed thle observation and noted that In women 
who, to reduce flesh, avoided fluids, the urine became dense, loaded with 
uric add, and that renal Iithlasls followed. The rOle of the blood- 
calts In iwosts has hem reviewed at length elsewhere. Both Jacques 
Loeb and Overton 1 * have shown that “the Nations of the blood as well 
aa the sea-water are eaaential for the maintenance of life-phenomena. 
The Importance of the alkaline salts In all febrile procewiM was cm- 
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la sometimes witnessed; this Is due to the liberation of pent-up 
add, through Increased osmosis, and Is rightly considered bv the local 
physicians as a favorable sign. Sir William Roberts s belief that 
aim, salts are harmful In gout is not sustained by practical evidence. 
As stated fay Burney Yeo* “notwithstanding the experimental evi¬ 
dence to the contrary, It hae been amply demonstrated that the alkaline 
celts have an effect upon the hepatic functions and do favorably 
influence gouty conditions." 


Prophylactic Treatment. —Having ascribed the pre¬ 
monitory symptoms of acute gout, the various phenomena 
included under the M gonty diathesis,” and chronic gout, to a 
nnmwnnn cause,* the measures indicated are necessarily similar 
in all these supposedly different conditions,‘a fact sustained by 
clinical experience. 

The prophylactic measures indicated, in the light of the 
pathogenesis described in the foregoing pages, are (1) to reduce 
the intake of nudeina and thereby the purin bases of which they 
are the source, and (2) to enhance the functional efficiency of 
the adrenal system in order to insure the adequate conversion of 
intermediate wastes into nontoxic and eliminable end- 
products.* 

Reduction of the Intake of Nucleins .—'The toxic interme¬ 
diate waste-products being all nuclein derivatives, the patho¬ 
genic activity of food-stuffs is commensurate with the quantity 
of nuclein they contain. Especially rich in this connection are 
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* glandular organa, inch as liver, fhyxnua (cwratbrrad) and 1M* 
nay. This appliea likewise to brain tissue, an enormous aggro* 
gate of nerve-cells, the cell-bodies of which all contain nuclei. 
Muscle tissue, i.i., meat, is lees rich in this particular, but hypo- 
xanthin and ™wthin an the main punn product of its n u cle i n. 
Beef extracts and the gelatinous extracts of tendons, bones, etc., 
are likewise rich in nudeo-albumins which yield the same purine 
—those, we have seen, that irritate the renal dements, and 
which part in the pathogenesis of the various disorders of 
the “gouty diathesis.” 

The glandular tissues, sweetbread, liver, etc., should be 
strictly avoided. As to meats, the indications vary with the 
case; in excessive eaters, especially those subject to cutaneous 
disorders and in patients who suffer from migrainous attacks, 
flushes, etc., a temporary—a year or two at most—omission of 
heavy meats, is., beef, mutton, pork and veal, from the diet, and 
the concurrent ingestion of at. least a quart of pure water daily, 
is often very efficacious. In debilitated subjects, on the other 
hand, in which no evidence of renal lesion is present, lmm beef 
may be allowed, but simultaneously with remedies that stimulate 
the adrenal center.* 

Milk, fish, poultry and eggs, vegetables, fruit, especially 
strawberries, oranges and apples, butter, light bread and biscuits, 
with tea, coffee or cocoa in moderation, etc., are all permissible. 
Alcoholic beverages, malt liquors, sweet and heavy wines, are 
never beneficial and are not craved for when water is taken in ■ 
large quantities. Aa alcohol becomes oxidised in the blood it 
antagonises catabolism, and thus tends to aggravate the morbid 
process.* Meals should be taken at regular intervals. 

* In view of the experiments of Gaudier, eonlnned fay Kollmh, 
Tandlef and Croftan, as to the pernicious influence of xaathfn ana 
hypaxanthln upon the kidneys, Halliburton's statements* that meat diet 
causes an increase of uric add "mainly because It increases the exo¬ 
genous uric add from the pnrin bases, especially the hypaxanthln 
whloh It contains" la suggestive, sines it la obvious that inadequate 
catabolism must Increase the p ropor ti on of the latter and tend to pro¬ 
mote not only renal larioua, ant. also gener a l " g o u t y" disorders. 
Kkmka and Frey" recently conflrmed the obeervatloa of Kochmaan, that 
exes— tvs meat-feeding caused organic le si o n s Is the liver and kidnays, 
and also those of Walker Hall, in rabbits. In which similar l es l cne 
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by injections of hypoxanthin. Robin" found 
in mu the nddition of eollagenous ports of moot, 

L, to fho diet, increased markedly the productiou of urio 
which would meo n that of hyponanthin ond nothin In debilitated sub¬ 
jects. For the Inllnenew of alcohol the reader is re f erred to the article an 
this sgnL 


Measure* to Increase the Functioned Activity of the Adrenal 
System* —Those of our remedies which approach nearest the 
normal physiological stimulant of the adrenal thyroidin, in its 
effects, namely, iodine and its salts, especially the potassium and 
sodium iodide, are of recognised value in this connection, when 
employed in gradually increased doses, beginning with 5 grains 
(0.8 gm.) three times daily in a tumblerful of water. Thyroid 
extract is also efficacious, but not in the large doses usually rec¬ 
ommended, which increase too suddenly general metabolism and 
increase the waste-products in proportion; 3 grains (0.8 gm.) 
after meals may be given without increasing the dose.* Oxygen 
inhalations begun the third day after beginning tho use of the 
thyroid extract will hasten the curative process, since at that 
time the blood will be found by the coagulation test to contain 
a larger proportion of fibrin ferment, i.e., adrenoxidase.* (See 
also p. 788, vol. i.) 

Among other agents that have been found efficacious are 
strychnine and nux vomica, which not only stimulate the adrenal 
center, but also the vasomotor center, thus causing constriction 
of the mesenteric trunks and projection of the blood towards 
the peripheral capillaries, including those of the liver* where 
poisons are most actively destroyed. Strychnine is only of real 
use, however, in debilitated cases, attended with pallor.* ThiB 
applies likewise to iron, to promote the formation of hemoglobin. 


Tbs nlw of the Iodides In gout Is well known. Bali 
potassium of "peculiar value" Tn chronic gout, and that ft 

the development of vascular and renal changes. Haig emp 


Bain" found 
;retarded 

___ _ _ employ* the 

iodide with swnonss. using In conjunction, sometimes, ammonium 
chloride. I have found thyroid extract, when used as recommended 
above, of considerable value in gouty eases In which migraine was a 
promhmt symptom. Inhalation* of oxygen gas were employed by 
OroftaU** with '‘striking" results, "both as mania amelioration of the 
•abjective symptoms" as well as laboratory findings. That tUa meas¬ 
ure should prove of still greater value when the blood’s adrenal seme- 
b Increased by means of thyroid extract, seems obvious. Stiych- 
' by BourP and others. 



1622 internal. noumoNi in patuoqwiiii and nuniMT. 

MIGRAINE. 

Synonyms. —Sick Headache; Megrim; Hemicrania; Bilioui 
Headache. 

Definition.—Migraine is due to marked hyperemia of fht 
nerves and nervi nervorum of the painful area, the result, in 
turn, of abnormal constriction of all arterioles, excepting those 
of that area which fail to contract owing to functional weakness 
(sometimes due to organic disease) of their walls. The general 
constriction of the arterioles is due to excitation of the sympa¬ 
thetic center by toxic wastes, probably of the purin group, which 
accumulate in the blood owing to hypoactivity of the adrenal sys¬ 
tem, the insufficiency of auto-antitoxin reducing correspondingly 
the catabolic properties of the blood.** 

Symptoms and Pathology.—Migraine corresponds with epi¬ 
lepsy in its pathogenesis and symptomatology, and the latter 
may, therefore, be divided into three stages: (1) a prodromal 
stage or aura, (2) a stage in which the sympathetic system is 
morbidly active, and (3) a stage in which the vasomotor over¬ 
activity is superadded.* 

The prodromal stage or aura differs from that of the epi¬ 
leptic aura, in that it is relatively prolonged, lasting minutes, 
hours, or days even, in some cases. It may include one or more 
of the following phenomena: a sensation of pressure at the seat 
of oncoming pain, dark or bright spots, flashes and other lumin¬ 
ous sensations, impaired vision, tinnitus, olfactory and other 
sensory aurce, vertigo, confusion of ideas, hallucinations, visions, 
hebetude, somnolence and despondency, amesthetic areas in the 
scalp and face, aphonia, etc. In rare instances the premonitory 
signs occur during sleep, in the form of exciting dreams, violent 
nightmares, etc. Anorexia, nausea and creeping chills are com¬ 
mon precursors of the migrainous attack, however, which usually 
begins in the moniing. 

In the sympathetic variety, the ordinary migraine, the 
patient is pale, the features are contracted and the surface is 
relatively cool, the temporal arteries being small and tense. 
The pain, at first dull, then more or less acute, is usually unilat¬ 
eral and often located in the supra-orbital, frontal and temporal 
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regions; sometimes, however, it extends to the parietal and even 
the occipital regions. In some esses, the disorder is quite local¬ 
ised, the site of pain being hypersensitive, while the surrounding 
tissues are relatively cool and insensitive. Unilateral salivation, 
lachrymation and diaphoresis are occasionally observed. In 
rare in s ta n ces, the pain leaves one region to appear in another, 
which may be quite remote, the stomach, for instance, then sud¬ 
denly returns to its former location. 

Vomiting may occur early in the course of the seizure, but 
usually it heralds recovery. At the end of a few hours, some¬ 
times days, the patient falls asleep and is soon about. Such 
attacks occur with more or less regularity, perhaps once a month, 
every other week, etc., year after year. In men they often ceaso 
after middle life, and in women after the menopause. 

This form of migraine is primarily due to irritation of the 
sympathetic center.* 

This form, Dubola-Raymond's angiospastic hemlcrania, is now gen¬ 
erally attributed to a disorder of the sympathetic system. Mbllendorff 
and latham* 1 both attributed migmine to morbid activity of this sys¬ 
tem, but “in oonaeqnenee of a defective control or inhibition by an 
exhausted or enfeebled cerebro-spinal system." The kinship with epi¬ 
lepsy is now generally recognised. Rachford," for instance, says, In a com¬ 
prehensive study <>f this relationship: “All writers on this subject are 
agreed that migraine and epilepsy are kindred diseaeee, and that this 
kinship is so close that theee diseaeee are not infrequently twin Inheri¬ 
tances from the same neurotic ancestors,” and refers to Tisset, Parry, 
Liveing and Gray as having emphasised this kinship, by eases in which 
epilepsy appears, and the epilepsy returning when the migraine disap¬ 
pears." Hplller" likewise lays etrese on this kinship. In a ease re¬ 
ported by H. C. Wood" the paroxysms began ae a migraine, including 
the prodromes; this lasted two or three hours, then lapsed ihto a typical 
epllepiio fit, the patient frothing at the mouth, biting his tongue, ete. 

The pain, in this form of migraine, is due to marked con¬ 
gestion in the area involved, the result, in turn, of a passive, 
strictly localized, dilation of the arterioles of that area.* 
While all the other arterioles of the body contract under the 
impulses received through their sympathetic term inala, the arter¬ 
ioles of the region affected fail to do so, owing to lesions of their 
muscular layer.* The nerve region being rendered intensely 
hyperaemic—since the blocking of all other arteries tends greatly 
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to increase the local blood-pressure—severe pain, due mainly to 
pressure and hypemnia of the local nervi nervorum, is caused.* 

The general sympathetk oonetrietion of the systemic arterioles la 
Shown by the marked relaxation of the abdominal viscera, Le. ( the 
etomaeh, intestines, liver, etc., to whkh French clinicians, GMnard, 
Trastonr, Dnjardln-Beaumeta and others, have called attentkm. Their 
observations were fully confirmed by the more recent researches of Man - 
gBladorf," in 400 cases, all of whkh, with one exception, had marked 
gastrie dilation. Examination of a large number of cases suffering from 
nervous disorders failed to show this symptom, with the sole exception 
of epileptie subjects. Constriction of the gastric arterioles readily ac¬ 
counts for this phenomenon} the Mood supplied to the muscular walla 
being Inadequate, they relax.* This applies as well to any organ, since 
the irritability of the sympathetic is of central origin, and, ther efo re, 
general—in opposition to Dubois-Raymond's view, that it is-limited to 
the cervical sympathetic. The many eases in which tingling and other 
forms of pa nee thesis occur in various parts of the body also point 
to a central origin. 

As to the localised vasodilation which gives rise to pressure upon 
the nervi nervorum, Mollendorff, Latham, Guttmann, Wilks and Ellen- 
burg have all held that the local lesion was attended by vasodilation 
and hyperemia, though unable to account for these phenomena apart 
from the general statement that they were of u sympathetic-tonia” origin. 
Henschen, Nordstrom and Rosen bach, and Bum n found lesions in the 
muscles of the painful areas of the face and scalp. The arteries of these 
areas being sometimes found to have undergone arteriosclerosis, as is 
well known, the pathological cause of their tendency to remain patent 
(while thoee of normal regions contract) is self-evident. 


The second, or vasomotor form, corresponds with major 
epilepsy, in- that irritation of the vasomotor center is super- 
added to that of the sympathetic caster.* It is, therefore, but 
an aggravated form of that just described. The general blood- 
pressure being raised, the diseased or lax arterioles allow a still 
greater quantity of blood to reach the sensory terminals, and the 
arteries of the painful area are dilated and pulsate strongly, the 
area itself being deeply congested. The pupil in this form—or 
stage—of migraine is contracted, the blood having penetrated its 
arterioles notwithstanding the sympathetic constrictor impulses 
to them.* Hence the greater variety of symptoms witnessed in 
some cases, spasm of facial muscles, paralysis of the ocular mus¬ 
cles and of the extremities, transient aphasia, etc. 

The conne c tion b etwee n the aympathetlo mud vasomotor types Is 
elearly shown by the statement of Gowers," that in some eases, “the 
pallor rives plaee to flushing as the pain In the head develops. 1 * While 
admitting} with other neurologists, a vasom o to r dlsturbajaoe, unlike 
them he regards the latter as of central origin. That engorgement of 
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the local wail* ii present la ahown by the occ u rr en ce of hem or rh age 
la aonaa oaaea—in the orbit, for lnatanee, aa in a caae reported bv 
Braaeh and Larinaohn.* 1 “At the end of an attack in which the Anal 
dilatation baa b e e n marked,” write* Uowera, “pulfineaa of the aoaip 
haa been o haerred in rare e a a ea, and even eeehymoaa* at the aeat of the 
moat lntanae pain." 

At the preae n t time the sympathetic and vaaomotor forma are 
interwoven, owing to the prevailing confusion aa to the function* of 
each ayetem aa a unit, A clear differentiation of the two forms was, 
therefore, impossi bl e, and the pathology of the disease haa, therefore, 
remained obecure. Thus Latham states that there ia “first of all, con¬ 
traction of the v es se l s of the brain, and so diminished supply of blood 
produoed by excited action of the sympathetic.” Bo far, 1 am fully in 
acoord with him. He adds, however, that “the estowaffon of the sym¬ 
pathetic following on this excitement causes the dilatation of the vessels 
and the headache.” Here, I cannot sustain him, for “exhaustion of the 
sympathetic” would entail pain wherever the sympathetic fibers govern 
the peripheral circulation, i.e., over the entire surface. There la no 
exhaustion, aa I interpret the process: certain arterioles are weaker 
functionally or organically (as is the heart in many subjects) than 
others; end are unable aa well aa the latter to resist the centrifugal 
pressure of the blood, and yield, llypensmla of the cutaneous sensory 
terminals following, pain ia experienced. The meninges and brain may 
likewise become the seat of an hypensmic area; hence the convulsive 
aeixurea sometimes observed in eases of migraine. 

Etiology find Pathogeneaia-—The principal cause of mi¬ 
graine, i.e., of the excessive vasoconstrictor phenomena to which 
the attacks are due, ia probably paraxanthin, an active poiaon, 
and other members of the xanthin group. Theae intermediate 
products of metabolism accumulate in the blood between the 
migrainous attacks, and when the blood attains a certain degree 
of toxicity, provoke them by irritating the sympathetic and gen¬ 
eral vasomotor centers.* They accumulate because they are not 
adequately converted in the blood into benign and eliminable 
end-products, owing to deficient activity of the anterior pitui¬ 
tary, and, therefore, of a deficiency of auto-antitoxin in the 
blood.* In moat cases this condition ia inherited, gouty disor¬ 
ders of the nervous system being readily traceable in proximate 
ancestors. The majority of cases develop during or after adoles¬ 
cence, when the adrenal system haa not kept pace with the 
general development. In such cases, this system ia able to 
carry on its functions under ordinary conditions; when, how¬ 
ever, any unusual stress ia imposed upon it by an excess of 
physiological poisons, it ia not equal to the task mid they accum¬ 
ulate.* This accumulation may be hastened by indiscretions in 
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diet, excess ol food, additional meals such as midnight suppers* 
entertainment "refreshments/* etc. Hence the greater preval¬ 
ence of migraine among the wealthy classes. A kindred cause is 
excessive muscular fatigue, a phenomenon also due to the pres¬ 
ence of toxic wastes (principally sarcolactic acid) in quantities 
which cannot be disposed of by the blood sufficiently fast to pre¬ 
vent the development of morbid phenomena. 

In predisposed subjects attacks may, on the other hand, be 
evoked by conditions which tend more or less to debilitate the 
general nerve centers implicated.* Emotional factors, shock, 
fear, grief, worry, anger, excitement, etc., are familiar exciting 
causes. Equally familiar are the reflex causes of migraine, eye¬ 
strain, nasal and aural disorders, uterine diseases, carious teeth, 
adenoids and other conditions enumerated as capable also of 
exciting epileptic seizures, and occupations which entail more or 
less cerebral hyperemia, especially intellectual overwork, coupled 
with inadequate out-of-door exercise. 

Bachford" hu clearly demonstrated that an excess of paraxanthin 
and other xanthins waa present In the urine during and for some time 
after an attack of migraine, and moreover (1808), that an excessive 
excretion of paraxanthin coincided with It. This Is in accord with the 
views of Trench clinicians, GuSneau da Mussy, Basin, Jacooud, latfasdle- 
Lagrave, Bouchard and others, who, from the time of Trosaeau (who 
held that "migraine and gout are sisters”), have connected migraine 
with the so-called “gouty diathesis.” Boulouini6 > n In a study of 1848 
ca ses of gout and kindred disorders treated by him at Vittel, found 
that the prodromes of migraine frequently occurred as the preliminary 
manifestations of such disorders, that migrainous attacks appeared 
especially before and during gouty phenomena, and rarely subsequent 
to them. Fluctuations in the excretion of uric acid have often been 
observed and recorded hy Haig," a copious elimination of this end- 
product of metabolism coinciding with the disappearance of the migrain¬ 
ous attack. The pathogenetic process submitted requires no evidence in 
view of that adduced in the articles on Epilepsy, Eolampsla, etc. The 
Influence of heredity and the connection of eclampsia with epilepsy are 
well shown fay the statistics of Ffirt—a history of migraine in 838 out of 
808 eases of epilepsy. 

Ifrestment.— Prophylaxis. —The general indications, in 
view of .the pathogenesis of the disorder, are (1) to adjust the 
patient's diet to his assimilative powers, thus reducing to a min¬ 
imum the toxic wastes formed, and (8) to overcome any condi¬ 
tion which, either inherited or acquired, tends to reduce the 
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anterior efficiency of hie blood, by inhibiting the functional effi¬ 
ciency of his general nerve centers.* 

The first indication is met by reducing markedly the use of 
highly-nutritious food, late suppers, pastry, red meats and alco¬ 
holic beverages being avoided, and meals should be taken at reg¬ 
ular intervals. Coflee and tea are harmful, since they raise the 
vascular tension. Water, however, should be partaken of in 
large quantities to preserve the blood's fluidity and osmotic prop¬ 
erties, and to insure free diuresis. An occasional saline purga¬ 
tive is of service. 

The second indication includes the correction of any oph¬ 
thalmic, nasal, and other condition capable of provoking 
migraine refiexly. 

Liveing / 7 referring to the many dietinguiehed men who suffered 
from this disorder, states that Marmontel cured himself by eating little, 
drinking water, taking exercise, and that Halier was equally successful 
“by inking every day a large quantity of water, and exchanging a 
highly nutritious regimen for a much lighter dietary.” Linnaeus cured 
himself by the earns means, etc. Patients readily eminent to a reduced 
diet as a rule, but they usually fail to carry out the physician’s instruc¬ 
tions as to the plentiful use of water. In such cases it is beet to order 
some alkaline water, Ballard vale, Buffalo I .i this, Vichy, etc., and to 
instruct them to take a glassful at established intervals, one quart being 
drunk dally. As to reflex causes, according to Lauder Brunton,™ a care¬ 
ful examination of the eyes, teeth, nose, ears, and throat will reveal some 
disorder In these organs In practically all caeca. This is only mentioned 
to emphasise the feet that this feature of the treatment should not be 
neglected. 

Preventive remedies should obviously be such as arc capable 
of stimulating the anterior pituitary in order to enhance the 
proportion of anto-antitoxin in the blood. Thyroid gland, 2 
gr ains (0.13 gm.) during each meal, and an occasional saline 
cathartic are very'effective, eapecially if the patient can lead an 
out-of-door life.* Potassium iodide, 5 graiiyi (0.3 gm.) after 
meals in a large glassful of water, ia equally efficacious, and ia 
indicated when any cardiac disorder ia present. Strychnine, 
Y«e grain (0.0016 gm.) three times a day, ia of signal service, 
eapecially when the peripheral circulation ia poor, although it 
tends to stimulate the vasomotor center besides the adrenal cen¬ 
ter.* It is eapecially valuable also when there ia a tendency to 
melancholia, or mental depression, both frequently observed in 
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subjects predisposed to migraine. In children or adol e s c e n ts 
strychnine is advantageously combined when constipation -does 
not complicate the case, with iron, especially the dialysed iron 
or Blaud’s pill.* The dietetic measures recommended should, of 
course, be carried out simultaneously. 

The thyroid extract In email doeee has given me excellent results, 
especially in women approaching the menopause, and also where prompt 
effects were necessary in any case of migraine. Liveing obtained "singu¬ 
lar success" from potassium iodide In some cases. J. R. Clemens 1 * 
found it effective in the most, aggravated cases. The value of strych¬ 
nine and iron in such cases is well known. This clearly Illustrates the 
fact that preventive medication in this disorder includes agents which 
act as "tonics” or, in other words, as stimulants of vital activities 
through the adrenal system. 

a 

Digitalis is indicated when the right heart is dilated, qui¬ 
nine when there is history of malarial toxemia, sodium sali¬ 
cylate when gout is a feature of the case or of the history. 

Drugs which Reduce Arterial Tension. —When the forego¬ 
ing measures do not yield the desired result, it is owing to 
excessive irritability of the sympathetic and vasomotor centers, 
which causes them to react to the least excitation.* The 
accesses recur frequently, and the face is usually pale in such 
cases. Nitroglycerin relaxes the entire arterial system, in¬ 
creases diuresis, etc., by reducing the sensibility of the sympa¬ 
thetic and vasomotor centers. Its action should be carefully 
watched, however, since the recession of blood from the peri¬ 
pheral capillaries tends in itself to inhibit catabolism. For the 
same reason, the doses should not be too large, */ M grain (0.001 
gm.) twice daily is ample. It may be used with the thyroid 
extract, potassium iodide and digitalis, but not with strychnine, 
which tends to counteract its action.* The bromide of sodium 
can be used instead of nitroglycerin, in hysterical women; but 
as it tends to inhibit oxygenation when given in large doses or 
when its use is prolonged, it should only be employed tem¬ 
porarily. 

Nothnagel and Rmabnch* 1 state that the lowering of the arterial 
tension caused by nitroglycerin is not harmful: "the flow of urine Is 
increased and albuminuria disappears." As the latter symptom is due 
to excessive vasoconstriction, its disappearance proves that the remedy 
Is beneficial by causing general vaeodllatlon. 


• Author 1 ! 
"J. R. 


■ Mothnanl ul 
tMrep.," Fans, USA 


T h sts p . Gantts, May IK, IMS. 

“ - "Nmtmu Clements de 



MIURITIS, NIUMLaiA. 


1629 


- Trkatiunt or ths Attack.— Drugs which Reduce Arte¬ 
rial Tendon .—Agents capable of producing this effect promptly 
do not seem to hare been tried in migraine; amyl nitrite sug¬ 
gests itself as a valuable agent in this connection, provided, 
however, that the amount inhaled be small, i.e., not more than 
6 or 6 drops. Chloral hydrate combined with Medium bromide, 
10 grains (0.6 gm.) of each repeated in two lraura, and taken 
with a wineglassful of water, sometimes wards off an attack. If 
the pain appears, the local application of camphor-chloral , a mix¬ 
ture of the two drugs, equal parts, which forms a viscid liquid, 
often checks it. 

Drugs which Cause Contraction of the Arterioles. —When 
the arterioles (those which, owing to their failure to contract, 
allow the blood to penetrate the affected area) are not the seat 
of sclerosis, stimulation of the sympathetic center will sometimes 
enforce their contraction, and thus arrest the pain.* Acetanilid 
and antipyrin are very effective agents in this connection, 6 
grains (0.3 gm.) given every hour three times, usually sufficing 
to arrest .the paroxysm. Phenacetin is equally active, hut in 
large doses, i.e., 10 to 15 grains (0.6 to 1 gm.). Morphine is 
eminently an arteriole constrictor, and a subcutaneous injection 
of */• grain (0.01 gm.) sometimes acts very promptly. Other 
agents that have a corresponding physiological action, caffeine, 
guarana, ergot, cannabis indica, have been recommended, hut 
their effects vary so greatly, owing probably to the uncertain 
strength of the preparations available, that dependence should 
not be placed upon them. 

NEURITIS, INCLUDING NEURALGIA, TIC DOULOUREUX, 

SCIATICA AND ZONA (SHINGLES, HERPES ZOSTER). 

Definition.—Inflammation of a nerve, whether termed “neu¬ 
ralgia” or “neuritis/’ may occur as a result of so many morbid 
influences, active and passive, that a specific definition cannot 
be formulated. It is always attended, however, by engorgement 
of the nerve’s arterioles or vasa nervorum and their capillaries, 
including those of the nervi nervorum, the hypenemia of the lat¬ 
ter and the pressure of the swollen structures surrounding them 
being the main source of pain. ** 
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H yaploua ud Ikthoiofp^—"Nepralgia,** meaning merely 
pain in the course of • nerve or nerves, is but a symptom of a 
morbid condition of these structures, and not, therefore, a dis¬ 
ease. As it is invariably associated with hypertonia,* which 
often progresses to the stage of inflammation, neuralgia is, in 
reality, but a symptom of neuritis, not only of the incipient 
stages of this disorder, but also of its advanced stages: Ho 
douloureux , for example.* 

Dana* states that when there Is organic disease of the nerve itself, 
such as neuritis, the disease cannot be, strictly speaking; called neural¬ 
gias and that “it is often impossible to draw the lines absolutely.** 
Some authors limit the term “neuralgia** to c as e s In which hypemmla 
of the nerve Is alone present; but then Is no legitimate foundation for 
this Interpretation, since, as stated by Dana, “there is hypemmla with 
sometimes extravasation of blood" both in interstitial neuritis and peri¬ 
neuritis. Moreover, most acute pain persists even when profound 
nhsngns of the nerve extending to ana Involving the ganglion—the 
Gasserian ganglion in trigeminal neuralgia, for example—are present. 
Hence the appropriateness of the term “neuralgia'* even here—but only 
when linked with "neuritis.” 

In the forme of neuritis termed neuralgia the pain is some¬ 
times preceded by numbness or stiffness, or conversely by sore¬ 
ness, tingling or throbbing in the affected area, but, as a rule, 
it appears spontaneously. At firat, it is generally intermittent, 
and may be sharp, stabbing or burning in character, and be 
localised or extend throughout the entire length of the nerve. 
The paroxysms, which vary greatly in intensity, occgur at irreg¬ 
ular intervals of a few minutes in mild cases, and may then 
only recur after considerable time. When simple hyperemia has 
lapsed into inflammation, however, intense pain—usually worse 
at night—may persist days, weeks, months, etc., Le., until the 
cause is eradicated. 

While at first the surface of the affected area may present 
some numbness, or be normally sensitive, the region becomes 
hyperesthetic when inflammation of the nerve is impending or 
is present, especially where the nerve overlies a hard muscle, or 
panes over the edge of a bony opening, the supraorbital foramen, 
for instance. The painful area is often infiltrated, swollen and 
red. In simple hyperemia, firm pressure often relieves'the pain, 
but the same procedure greatly augments the pain when active 
inflammation is present. 
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p a tn is duo to congestion of the mw>a^ capillary pH * 
works In the peri- end endoneurium, the huger vessels of which 
ue arterioles supplied with sympathetic fibers. Congestion of 
these arterioles and capillaries gives rise to pain by causing swell¬ 
ing of the nerve and pressure upon the nervi nervorum, which 
are themselves hyperamic, and, therefore, hypersensitive.* 

The nervi nervorum, the existence ot which was shown by Honlry, 
terminate in minute bulbs similar to the tactile end-bulbe of Krause, 
and are, therefore, sensory. Weir Mitchell and Marshall concluded that 
the pain of neuritis and neuralgia waa due to pressure upon these deli¬ 
cate sensory organs. That hyperemia is the source of this pressure, 
is suggested In many ways. As Gowers" says, “we know that In all 
organs, vascular dilatation attends functional activity." That hyper* 
■mia—a result of vascular dilatation—Is the cause of neuralgia, ta, 
nerve-pain, is likewise recognised. In neuritis, the case Is the same. 
Tyson," for example, states that “an inflamed nerve ia reddish, from 
hyperemia of the mm nervorum, though the stage of demonstrable 
hyperemia may have p as sed away when the nerve comes under observe* 
two." This coincides with the definition of Dana previously given. 

Each of the two disorders included in the term neuritis- 
neuralgia has been divided into special varieties, the principal 
of which are tie douloureux, trifacial or trigeminal neuralgia, 
sciatica, the regional neuralgias and multiple neuritis. 

Trifacial Neuralgia or Tic Doulouhkux.— This is the 
most painful of the entire series, and is tlic most common. The 
ophthalmic division of the fifth is that most frequently affected, 
the familier supraorbital neuralgia. The pain, which may radi¬ 
ate to the inner angle of the orbit, the eye and lids, the eye-ball 
and the corresponding side of the nose and head, is apt to 
recur at stated periods morning or night. Lachry motion, eon- 
junctival congestion, local flushing, sweating and swelling, are 
often observed. The least effort increases the pain, each pulse- 
beat cansing an exacerbation. Such an access may last one or 
more hours, and cease spontaneously, to return perhaps after a 
few weeks or months, or it may steadily grow worse and cause 
many yean* excruciating suffering. 

Next in order is the superior maxillary division, the tender 
point of which is at the intmorbital foramen, the pain radiating 
to the malar bone, over the cheek, the c o rresponding side of the 
nose, and some of the upper dental nerves. Less common ia that 
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of the inferior maxillary division, with two tender points, one at 
the mental foramen, the other just in front of the ear, the pain 
extending over an extensive area in some cases, the preaural 
region, the tip of the tongue, the lower jaw, the inferior dental 
branches, the ear, the temple and the parietal eminence. 

The primary changes in the affected nerves are hyperemia, 
as stated, but in cases in which the neuralgia persists, inflam¬ 
mation occurs, owing to disease of the neural arteries. 

Dan** 4 long ago contended that many cases, at least, are due to 
arteritis. In five eas es of trigeminal neuralgia, he found no noteworthy 
changes in the nerves, while u three there was marked arterial disease. 
Putnam" likewise found, in some instances, the intima of the blood¬ 
vessels greatly thickened. Thoma," Rose" and Keen and Bpiller" and 
others have all found a marked Increase in the sise of the vessels, the 
two former in segments of peripheral nerves derived from cases of tri¬ 
facial neuralgia, the last-named authors in Gasserian ganglia derived 
from similar cases. 

Even the axis-cylinders, which, as I have pointed out, are chan¬ 
nels for the blood's oxidase, are engorged: Stengel," referring to neu¬ 
ritis, says, for instance: "In the acute forms partially degenerated 
fibers with fatty iqyelin-sheaths and swollen axis-cylinders, are found 
very early.” Again, Spiller found swollen and irregular axis-cylinders 
and small vessels in some of the Gasserian ganglia resected by Keen. 
Of one of these he says, referring to the axis-cylinders: “In most por¬ 
tions of the field, these appear as drops of a red, hyalinelike substance," 
doubtless methtetnoglobi n and adrenoxidaae. 

Sciatica. —The pain usually starts in the upper part of 
the sciatic nerve in the gluteal region immediately behind the 
great trochanter, and follows the course of that nerve, radiating 
downward into the popliteal space and thence to the internal 
malleolus and the dorsum of the foot. It is usually very acute, 
and is increased by the least motion. By raising the limb 
bodily, thus producing flexion at the pubis. La segue’s sign is 
elicited: a violent pain along the entire sciatic. There is 
marked tenderness over the latter, especially between the ischium 
and the great trochanter. Sometimes there is fever at the out¬ 
set. There may bo muscular tremor, a forerunner of atrophy of 
the muscle, or oedema. The skin of the region may then be pale 
and glossy, its temperature being also reduced. An eruption 
identical to that of herpes roster occasionally develops along the 
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course of the nerve. Tlie positions awnimril l>y the pntienfc when 
standing, sitting, etc., arc all calculated to favor the diseased 
limb. 

Sciatica is a neuritis from the outset, the primary infiltra¬ 
tion, due to the accumulation of colorless blood-plasma in tlie 
nerve, being the initial phenomenon of an inflammatory pro¬ 
cess, which, like all forms of “neuralgia” and neuritis, may cul¬ 
minate in degenerative changes in the nerve. 

Sciatica is the only "neuralgia” in which exception might be taken 
as to its being a neuritis. Thus, while llerter" ten years ago referred to 
wlntjia as a neuritis, t.e., as “an iHflammatiun of the great seiatic 
branch of the sacral plexus,” Dana, in the last edition of his text-book, 
■ays that “a large proportion of the cases is due to a neuritis.” In 
the light of my views, sciatica is a neuritis in all cases, since tlie 
exceptions are all attended with hypenemiu, the llrst stage of inflam¬ 
mation. Again, “hyperwmia” is generally snp|iused Ui.be denoted by 
redness of the neural structures Involved, hut we may have hypeiwmia 
without redness, since, ns I have shown, tlie blood-plasma tliat circulates 
in tlie terminal neural capillaries, including tl*c axis-cylinder, does not 
contain red corpuscles. Indeed, ff we term this fluid “serum (of which 
the extra corpore serum is but chemically-attered semblance) it Is pos¬ 
sible to trace tlie inflammatory process from its Incipienry to tlistof 
clearly defined trophic lesions. This is facilitated by a review of the 
literature embodied in a puper by J. Ramsay Hunt .* 1 In a ease* in which 
Cotujmo" found (edema of tlie nerve-slicuth “lfi c.c._ ('/« ounce) of serum 
was removed by puncture.” Martinet" “described the nenre as uilemat- 
ous and of reddish hue, with hwmorrhages inUi the sheath ”» one case 
and as “infiltrated with errosaeguiuraus fluid" in another. This evi¬ 
dently refers to the continuity of the nerve, for Cendrin," in a case of 
fifteen days’ duration, found the nerve-trunk “ reddened, swollen, and the 
■eat of serous Infiltration down to the popliteal space.. All this Is due. 
of course, to engorgement of the vessels and exudation of the blood- 
serum: In a case of fifteen days' duration recorded by Fernet, in 
which the nerve-trunk wes greatly swollen, “the eerre was of reddish 
hue and the vessels of tlie neurilemma were injected.” Though the nerve, 
examined microscopically bv Ddjerine and Raymond, showed no struc¬ 
tural alteration, Fernet held that a neuritis was present. The advanced 
■Use is shown in Ramsay Hunt’s own typical case, m which the various 
parts of the nerve showed concomitantly tlie various stages of the pro¬ 
cess: a translucent, jelly-like substance in the cplneurium and marked 
thickening and sclerosis of the larger vessels of the eplneunum and peri¬ 
neurium and the smaller vessels of the endoneurium, with smaU ex¬ 
travasations of blood” in “the loose areolar tissue of the sheath at all 
levels examined.” The “thigh and leg had undermine a slight bat visible 
atrophy ” there were also twitchlngs and panesthesia. 

This exemplifies the morbid process In trigeminal neuralgia, since 
similar lesions Were found in the Gasserian ganglia removed by Keen, 
and studied histologically by Bplller. The Ant-named author sUtai 
(i..i "the medullary substance of the nerve-fiber within the ganglion 
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wu "inunrauely swollen. Atrophied or entirely gooes" end that the 
veeeele were "distinctly sclerotic,” etc.—the sequence of erects observed 
in all cases of “neuralgia” so-called, in which the morbid pr o ce ss has 
progressed sufficiently far. 

Neuritis of the Head, Neck and Thunk.— Besides the 
most common of all neuralgias, the trigeminal, already described, 
there is a variety due essentially to eye-strain, the ocular 
neuralgia, usually limited to the eyeball. The pain may be 
quite severe, and radiate to the forehead over the frontal sinus. 
In cervico-occipital neuralgia, the pain starts behind the mastoid 
process, radiates posteriorly to the upper part of the neck and 
in front and above to the parietal eminence. The main nerves 
involved are the posterior branches of the upper four cervical. 
In intercostal neuralgia the pain starts from the Bpinal cord end 
of the intercostal nerves from the third to the ninth, and radiates 
round the chest; it is often very severe and is increased by 
motion, respiration and coughing. An eruption similar to that 
of herpes zoster occurs in many cases. Pleurodynia is, strictly, 
speaking, neuralgia of the pleural nerves; it resembles the pain 
of acute pleurisy, and is very severe, especially during expansion 
of the chest. Qastrodynia, enteralgia, hepatalgia, nephralgia, 
maetodynia, coccygodynia, etc., are defined by their names. 

In* all these forms, with the exception of the cases of inter¬ 
costal neuralgia in which the herpetic eruption occurs, the neural 
hyperemia rarely exceeds the stage of plasmatic engorgement, 
the pain, as stated, being due to pressure upbn the nervi 
nervorum. 

Hbbpes Zoster ( Shingles, eona ), the form commonly wit¬ 
nessed, is but an intercostal neuralgia in which the inflamma¬ 
tory process, which often includes the ganglion of the affected 
nerve, has advanced beyond the preliminary plasmatic hypere¬ 
mia. The typical eruption—a reddish patch which soon de¬ 
velops into a crop of (edematous vesicles—may occur in any part - 
of the body, wherever “neuralgia” has been observed. Dull pain 
in the affected region usually precedes by a few days the erup¬ 
tion and the acute pain, which develops suddenly and is 
extremely diarp, burning, and lancinating; in adults. The site 
of the eruption becomes markedly hyperesthetic, the contact of 
the clothes bring unbearable. It is nearly always unilateral, 
though it frequently reaches beyond the middle line of the body 
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in the “intercostal” form, and lasts from ten days to two weeks. 
The l esion may be haemorrhagic, ulcerative, gangrenous, etc., and 
may be followed by persistent local neuralgia, anhydrosia or 
hyperhydrosis, muscular atrophy, etc. In some cases there is 
considerable fever, showing a tendency to intenn ittence, and 
especially marked towards evening. 

The kinship of this disorder with the ordinary neuralgia la well 
shown by the large proportion of eases of trigeminal eons In 
GreenougnV and Cantrell's* statistics. Any part of the body In which 
innervation la Impaired and where neuralgia is known to occur, may 
become the seat of herpes eostar. Hence the so-celled “trigeminal, 
“femoral,” "brachial,” "ophthalmic,” etc., forms which constitute the 
"regional” maters. Guermonprex and Platel” observed it repeatedly 
on the Angers. The pathology of eoster also identities it as a pure neu¬ 
ritis. W. F. Robinson" states that "Daniellsen found the intercostal 
nerve reddened and thickened and the neurilemma markedly infiltrated," 
and that the more recent investigations have shown that “the ganglion 
Is not alone the part that is first attacked, but that the inflammation 

E r arise at any point in the continuity of the nerve-trunk in Its 
pheral termination in the spinal cord or within the brain.” Kob- 
n’s own investigations showed the presence of “a perineuritis of the 
cutaneous nerves exhibiting a small-celled infiltration of the neurilemma” 
—a condition witnessed early k sciatica. 

Neuritis of the Extremities. —The most important of 
the series is sciatica, reviewed above. Cervico-brachial, and 
particularly brachial neuralgia, are counterparts of sciatica. 
Jointly, they include the area supplied by the brachial plexus, 
i.e., the four lower cervical nerves and the greater part of the 
first dorsal. The radial and ulnar are the nerves most fre¬ 
quently affected, the main tender points being at the elbow over 
the ulnar, and at the wrist over the inferior ulnar. The axilla 
and the shoulder are also the seat of tender points when the 
upper segments are involved. There is usually a dull, con¬ 
tinuous, toothache-like pain along tho entire course of the nerve 
or nerves affected, but with violent exacerbations or paroxysms 
of a stabbing, lacinating character. Temporary loss of power is 
often observed, and muscular atrophy may follow severe cases. 
As in sciatica, the skin may become glossy and thin, and is some¬ 
what (edematous in most instances. As in sciatica also, there 
is inflammation of neural structures. 
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Femoral, or cruml, obturator, plantar, metatarsal and other 
forma of neuralgia are described, all of which differ as regards 
the area involved, bat the pathology of which (that of- a more 
or less advanced neuritis) is always the same, i.e., that of an 
inflammatory process. 

Mtuculospiral neuritis, owing to the superficial position of 
the muscnloepiral nerve, is not infrequently observed. The pain 
—though the disorder is not termed a “neuralgia” in text-books 
—is very severe, and the local tenderness is equally marked. 
This applies likewise to median neuritis, the intense pain radi¬ 
ating to the first two fingers and the thumb. Precisely as a 
flexure of the thigh in sciatica provokes severe pain throughout 
the entire nerve, so does a stroke on the end of one of the pain¬ 
ful fingers cause a flash of pain up the whole length of the 
median. Ulnar neuritis, brachial neuritis, circumflex neuritis, 
and the many other varieties of true neuritis likewise provoke 
pain and other symptoms and trophic lesions common to the 
various forms of neuralgia reviewed. 

General Pathology.—In all forms of true neuritis, the con¬ 
gestion may originate from two directions: (1) from the arte¬ 
rioles that enter the nerve from the side by piercing the peri¬ 
neurium, and whose capillaries form networks in the endo- 
neurium to nourish the nerve; (8) from the axis-cylindera 
themselves, whose neuro-fibrils, as I have pointed out, are chan¬ 
nels for plasma laden with adrenoxidaae, which, by reacting with 
the phosphorus-laden constituents of the myelin, gives risp to 
the nerve-energy, i.e., the impulse along the whole nerve, includ¬ 
ing its terminals.* 

Any inflammatory lesion of the nerve-fiber itself, par¬ 
enchymatous neuritis, must entail, therefore, phenomena aserib- 
able to impairment of the nerve's conductivity: muscular atrophy, 
paresthesias, cutaneous lesions, etc. Identical disorders may be 
produced, however, by pressure of the connective tissue forming 
partitions around nerve-bundles when these partitions are the 
seat of congestion, i.e., perineuritis, but only when tins is 
marked, the pressure being caused by the engorged arterioles or 
their capillaries and the serous exudation derived from the lat¬ 
ter. This pressure is also, we have seen, the source of pain, the 
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nervi nurvonun being cEtmpremd, while the infiltration eooonnti 
for the adffln. When the local l««wii aeenme a morbid trend 
or the nerve is beyond repair from the start through local injury, 
the grannies of adrenoxidqae* in the axis-cylinders remain unused 
and accumulate,* and the myelin sheath breaks up into droplets. 
Finally, these are absorbed and the field is invaded by lympho¬ 
cytes, and finally occupied by their product, newly formed 
connective tissue—the terminal sclerosis. 


This normally leads to the conclusion that true neuritis is 
primarily a vascular disorder of the perineural and interstitial 
connective-tissue framework of the nerve, and that the nutri¬ 
tional disorders of the muscles, skin, etc., are due to pressure by 
engorged vessels, serous effusion, etc., upon, or destruction of, 
the nerve-fiber bundles (axis-cylinders) which these inflamed 
structures surround. 

This does not mean that the cell-bodies in the central gan¬ 
glia, from which the compressed axis-cylinders arise, may not 
themselves become involved in the morbid process. When they 
do, however, it is through an ascending neuritis, the destructive 
inflammation extending towards the cerebrospinal axis and grad¬ 
ually destroying the ganglion itself. 

That the axla-eyllnders of a asm receive a part of their blood 
through their eeU-bomee la the orai from which they originate,* was 
shown in a preceding chapter. Tne importance of this feet finds its 
practical application in the present connection. It furnishes a sound 
foundation lor the—now established—clinical difference between the ncu¬ 
rl tie of individual nerves and mnltlpla neuritis.* This is clearly defined 
by McPhedran** in the following lines: “In isolated neuritie the disease 
begins In the n erve sh eath, constituting a ‘perineuritis,’ the inflammation 
extending to the nerve-fibers afterward. In the multiple forme the nerve- 
fibers themselves are the seat of the primary change, the sheath becom¬ 
ing affected later.” The latter, as will ha shown In the next beading, 
I do not regard as a form of “neuritis.” The fact that a neuritis 
steadily ascends from the periphery has been noted by several lorestl- 

5 tors. Hina, Sydney Schwab, after a study of SO recorded Instances, 
sluding two of his own In which the Gasserian ganglion had been 
examined mleroaeopkally after extirpation, concluded that dis e as e of the 
nerve-cells did not exist as a primary parenchymatous affection, and 
that la trigeminal neuralgia two c lass e s iff phenomena could be distin¬ 
guished, namely: (1) an ascending neuritis beginning nt the periphery 
and haring a ten d ency to aaeend to the ganglion; (S) an interstitial 
matron, ehronle and p rogres si va, of the ganglion itself. Moreover, 
1 the lesions mom marked at the peripheral ends of dls- 
than at their central ends. All thaae observations have 
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Etiology tad Pathogenesis. —Although tlie causes of inis 
neuritis, including the “neuralgias” are very numerous, the 
pathogenesis is tlie same in every instance, i.e., some primary 
physical interference with the normal functions of the nerve.* 
We may thus have neuritis due to mechanical injury of the 
nerve, as from blows, contusions, wounds, stretching (as in dis¬ 
locations, fractures, etc.) and pressure, the latter including com- 
. pression by aneurysms, tumors, crutches, sleeping upon the arm, 
etc., and excessive use of an extremity. The lesion is essentially 
local and what degree of neuritis occurs is associated with an 
attempt at repair.* This applies likewise to the extension of 
localised disease, carcinomatous, syphilitic, tuberculous or other 
foci, or tumors, caries of bone, etc. In any of these, destruc¬ 
tion of tlie nerve may lead to trophic disorders, paralysis, etc., 
differing in no way from those observed in trigeminal and other 
severe neuralgias. 

In SO Mute* of Morton'* diaeaae, i.e., metatarsal neuralgia, Robert 
Jones’" traced 10 clearly to injury. Neuralgia of various nerves of the 
arm, due to excemdva professional use of this member, was observed in 
30 eases l»y Bernhardt; 1 " leeching over the nerves was found to give 
marked relief in some cn*es—evidence thnt hypenemia and neuritis, 
therefore, were the cause of pain. 

The lesion is primarily local also in tho most frequent cause 
of neuritis: exposure of a part of the body, one side of the head 
and face, the neck, the gluteal region, etc., to a draught of cold 
air, especially while the area exposed is warm, flushed and per¬ 
spiring. The arterioles of the cutaneous tissues being sud¬ 
denly chilled while dilated, the temperature of the auto-anti¬ 
toxin is reduced, thus inhibiting the action of its trypsin, and 
two sets of‘morbid phenomena occur: (1) temporary paresis of 
the local arterioles; (8) temporary inhibition of the proteolytic 
process through which the local waste-products of metabolism 
are reduced to eliminable end-products.* We are dealing here 
with a neuritis, since the morbid dilation of the neural 
arterioles necessarily entails hypenemia of the perineurium and 
'engorgement of the endoneurium, and pressure, therefore, upon 
tlie nervt nervorum. In addition to this passive hyperemia^ the 
region becomes the seat of the active hypenemia incident upon 
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the reparative process, including the destruction of detritus.* 
Hence the severity of the pain in neuralgia. 

As in migraine, neuralgia may be due to reflex action owing 
to some ocular, aural, nasal, cutaneous or other lesions. 

Tha pathological anatomy of the local lesions we have seen Is In¬ 
variably connected with- local oonges vin. This controverts a prevailing 
misconception of the manner In which neuralgic pain Is provoked, vis., 
that it ean be cau s ed by a deficiency. of blood in painful areas, or 
“poisons’* circulating la the nerve. Even in Joints, the accumulation off 
endogenous poisons docs not provoke pain directly; were It otherwise. 
It would be Imposs ib le to account for the disappearance of pain under 
tha influence of hot, dry air, and other measures which do not destroy 
chemically the poison directly. But the action of hot, dry air la readily 
explained—as well as the beneficial effect of heat in neuralgia—when we 
recall that the activity of the blood constituents—the ferment In par¬ 
ticular—which destroy the toxics Is enhanced by heat.* The need of 
the antitoxic Inflammation being reduced, the local hypensmla la cor¬ 
respondingly diminished, and pain is reduced in proportion. In other 
words, it Is not the poison which causes the pain, but tha reparative 
process whieh the presence of the poison engenders, and particularly the 
congestion It entails. 

Neuralgia frequently occurs irrespective of any apparent 
exciting cause, such as a cold, a traumatism, etc. The causative 
neuritis appears almost invariably after puberty, in subjects 
debilitated by physical or mental overwork, infections diseases, 
malaria, prolonged lactation, or by the prolonged ingestion or 
absorption of certain poisons, alcohol, lead, arsenic, etc. Here, 
the neuritis is secondary, in the sense that it is evoked as a com¬ 
plication of another, but general, disorder.* 

The debilitating influences mentioned react on the general 
organism, we have seen, by reducing the functional efficiency of 
the anterior pituitary body.* In a large proportion of cases the 
inefficiency of this organ is inherited, “neuralgia” being often 
observed in families in which epilepsy, hysteria and other nerv¬ 
ous diseases have prevailed. Entailing as it does, a reduction, 
more or less marked, of the blood’s properties, poisons of auto¬ 
genetic origin such as those that occur in the blood in gout, 
rheumatism, anemia and kindred conditions, are allowed to 
accumulate in the blood-stream. Hence the frequent associa¬ 
tion of both neuritis and “neuralgia” noted by clinicians.* 
When this accumulation of physiological poisons has reached a 
certain degree, the phenomenon witnessed in epilepsy, migraine, 
etc., occurs, via., a violent reaction of general centers of both 
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lobes of fhe pituitary, including those of the sympathetic and 
vasomotor systems.* 

Important in this connection is the fact that the intestinal 
' canal takes an active part in the morbid process, the inadequate 
evacuation of excrementitioua materials causing it to act as a 
source of autoinfection. There is usually constipation and the 
stools are exceedingly foul. The underlying cause of this is an 
imperfect disinfection of the intestinal contents by the succus 
entericus, by the auto*antitox$n it contains,* the result, we 
have seen, of insufficiency of the adrenal system.* 

The kinship b et ween neuralgia, migraine and epilepsy extends even 
to the characteristic symptoms of the latter disease. Gowers, for 
Instance,“ refers to two ca s e s of neuralgia attended with vomiting; to 
another in which opisthotonos was “so severe that the patient Tested 
on the head and the heels." Anton"* also observed two oases in which 
attacks of trigeminal neuralgia lapsed into typical epileptic seimrea. 
Drinker,"* on the other hand, reported a ease In which right trigeminal 
neuralgia coincided with neuritis of the left sdatle, etc. F«rt" and 
others nave emphasised the analogy between certain forme of neuralgia, 
the tie douloureux, for Instance, and epilepsy. In Putnam's"* opinion, 
that difference b et wee n neuralgia and migraine is one of degree rather 
than of kind. Lange 1 " has milled attention to the frequency of the 
alternation of migraine with neuralgia. 

The pain is limited to a given area, and recurs in that area 
because its vessels have, some time in the course of the patient’s 
life, been exposed to one or more of the many exciting causes 
capable of bringing on an attack, cold, traumatism, pressure, 
etc. These exciting causes evoking, as stated above, an inflam¬ 
matory process in the walls of the neural vessels, this process 
forms the starting-point of the endarteritis and arteriosclerosis 
found, we have seen, in advanced cases.* When, therefore, the 
accumulated blood-poisons provoke, by irritating the sympathetic 
and vasomotor centers, a rise of the blood-pressure of the entire 
body, the neural blood-vessels of the “neuralgic” area yield more 
readily than those throughout the rest of the body, and the nerve 
becoming hypenemic, pain is provoked. 


Wc have Men that In epilepsy and migraine there la primarily a 
g ene ra l couatrietlon of the arterioles, became Die sympate ' Ms eenter 
li the first stimulated; and that this is succeeded by general vaeo- 
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the T M omotor center yield* to the lrritntlan. 
. **“■““ *■ n«u»Igl«. The gnat Influx from the ventral 

j to the periphery which attend* general Taaocoaatrlotion t^n over- 
- the reefiitance of the weakened arteriole* of the affected area and 
enforoee their dilation. Although it has ao far remained nn^ p |^ 
thla sequence of events haa been actually witnessed. Thu*, Gower* 
atataa that the flrat effect i* usually "a constriction of the ynnaol* of the 
part” and that “this i* often followed by their relaxation.”* 


Treatment—Neuralgia, especially the trigeminal and sci¬ 
atic forma, involves ao much suffering that the first indication 
is to control the pain. In the light of the pathogenesis of 
neuritis described in the foregoing pages, this reduces itself to 
the use of measures calculated to diminish the congestion of 
the neural blood-vessels, and thus to reduce the pressure upon 
the nervi nervorum. The next indication is to remove, if pos¬ 
sible, the cause of the disorder itself. 

Measures which Beduob the Congestion or the Pain¬ 
ful Abba.— The majority of cases observed in general practice 
occur in subjects predisposed to frequent recurrences. Even 
the worst form of neuralgia, tic douloureux, is characteristically 
prone to remissions, of days’, weeks’, and even months’ duration. 
The pain, therefore, cannot be ascribed to the permanent lesions 
in the nerve itself; it must lie due to some fluctuating agency :* - 
the local hypenemia, we have seen. It is not only therefore in 
mild cases that reduction of the local congestion is indicated, 
bat also in the worst cases. To accomplish this, we have at our 
diapoaal four groups of remedies:— 

(1) Drugs which cause general vasodilation by depressing 
directly the general vasomotor center.* 

The bromides are useful agents of this class in mild cases. 
In the average case, however, they are unreliable, unless large 
doses are used, when gastric disorders, bromism and accumula¬ 
tion of. toxic wastes in the blood are likely to follow. By giv¬ 
ing small doses—10 grains (0.6 gm.)—and using the sodium 
salt, these drawbacks are reduced 'to a minimum, while its 
analgetic properties may be increased by means of chloral 
hydrate, 10 grains (0.6 gm.), the central action of which is 
similar to that of the bromides. The combined use of these 
two salts, every two hours, aided by one of the local remedies 
enumerated below, usually masters the mild forme commonly 
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observed. When the pulse is tense and hard, especially in ple¬ 
thoric subjects , a third vasomotor depressant, veratrum viride, 
may be added, 2 drops (or. four times this amount: 1905 
U. 8. P.) of the tincture being given every two hours. When 
no heart lesion is present, the pain may be relieved by the 
inhalation of three drops of amyl nitrite, in the physician's 
presence. Five or six drops poured on absorbent cotton in an 
emery-stoppered bottle, affords the patient a convenient and safe 
means, through which he can obtain relief by taking an oc¬ 
casional "whiff." The preliminary use of amyl nitrite—which 
also lowers arterial tension—followed by the bromide-chloral 
mixture, generally proves more satisfactory, however. Nitrogly¬ 
cerin advantageously replaces the latter agents in many cases, 
especially when large nerves, those of the brachial plexus and 
tbe sciatic, for instance, are inflamed. It depresses both the 
vasomotor and sympathetic centers,* and by thus reducing the 
vascular tension in all vessels, counteracts the pressure in the 
hypersonic nerves, and blecdB them, as it were, into the great 
central trunks. In trifacial neuralgia, the pain may be in¬ 
creased at first through the dilation of the arterioles; but this 
does not occur after a few doses of the bromide-chloral mix¬ 
ture.* The dose, one minim of the 1-per-cent, solution grad¬ 
ually increased to four minims, three times daily. While nitro¬ 
glycerin hi often curative, the bromides, chloral and amyl nitrite 
are only temporary expedients which should be withdrawn after 
cessation of the pain. 

The influence of general vasodilation in well illustrated by Pom- 
merol’s caae, ut in which a sciatica of five years’ standing was cured by 
the bite of a viper. The value of nitroglycerin has been recognised 
by H«rter, m Mikhalkine,' 1 * Lawrence, Krause 1 ” and others. 

(2) Drugs which cause general constriction of the arterioles 
by stimulating the general sympathetic center.* 

Of this group, the coal-tar products are the most effective, 
especially acetanild in 5-grain (0.3 gm.) doses every hour three 
times, then every three hours, until the pain ceases. By caus¬ 
ing powerful constriction of the peripheral arterioles, they re- 
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dace greatly the proportion of blood supplied to the inflamed 
nerves j* the latter being simultaneously depleted in the veins, 
the pressure upon the nervi nervorum ceases and the pain like¬ 
wise. Phenacctin, in 10 to 15 grain (0.0 to 1 gm.) doses, is 
also useful. Antipyrine is more apt to provoke untoward effects 
than acetanild, but it has proved valuable especially in sciatica.' 
when injected, with an equal quantity (10 grains—o.G gm.) of 
sterilised water, in the tissues immediately overlying the nerve. 
The coal-tar products should be used only temporarily as anal¬ 
gesics. Morphine relieves pain in the same way, whether ad¬ 
ministered orally or subcutaneously close to the diseased nerve. 
Deep injections, practically down to the nerve, of '/« grain 
(0.01) morphine and y ia0 grain (0.0005 gin.) atropine are very 
effective, even in sciatica. This should be repeated daily. 
When there is reason to believe that a drug-habit inuy be 
initiated by using the foregoing drugs internally, the same phy¬ 
siological effects may be obtained with aconitine, '/ ioo grain 
(0.00015 gm.) every four hours, gradually increased until the 
first “physiological” effect, i.c., tingling, ap|icurs, when the dose 
should be somewhat decreased. The tincture of aconite root 
(1905 U. S. P.) 4 minims (0.25 gm.) may lie used instead if 
preferred; it is especially effective when given with the tincture 
of gelsemium, 10 minims (0.6 gm.), given every hour, until the 
labial and digital tingling of aconite is felt. These two remedies 
sometimes prove curative. Cocaine also relieves pain by caus¬ 
ing constriction of the arterioles. It lias given good results 
when injected in doses of V* 1° V* grain (0.016 to 0.03 gm.) 
in solution, over the seat of the pain. In neuralgia of the face 
it may be injected into the arm. carefully avoiding a vein. 
Oemic acid, which acts similarly, is sometimes very effective in 
severe cases, when 10 to 20 minims (0.6 to 1.2 c.c.) of a 1-per¬ 
cent. solution are injected near the nerve, or better into its sub¬ 
stance after exposing it surgically. 

Cocaine has aim been used in seiatiea in the form of Intrarachi- 
dlan Injections, bnt the ordinary methods are as effectual. The danger 
of penetrating a rein was suggested by Bergmann, 1 " who. having ob¬ 
tained immediate relief in a eaae of sciatica liy injecting IS minima 
(0.00 ex.) of a B-per-cent. solution of coniine, without observing the 
least untoward effect, caused violent symptoms of intoxication the next 
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dmj la the mum patient hr aa lajeethm of only 6 whifme (OJ u.) 
of the hum ■elation. Aa racommaoded by Cagney," eooalae should be 
need with* prudanoe. Oentle add haa been recom mended fay many obser¬ 
vers eiaoe Billroth engnetad its use over twenty yean ago. J. B. 
Murphy,*" O. A. WrigfeV" aad others, now expose the nerve in rebellious 
trifacial neuralgia under anastheala, and inject from 5 to 10 minima 
(OJ to 0.0 an.) of a lJ-per-oent. eolutlon into the nerve substance aad 
between the nerve and its sheath. This is thought to cause d eg en e r a tion, 
the pain neaaing permanently in most oases. 

(3) Local remedies which produce reflex constriction of 
the peripheral arterioles, including those of the painful nerves, 
hy irritating directly the cutaneous sensory terminals.* 

Aconitine acts in the same way, applied locally, in the form 
of an ointment composed of 4 grains (0.35 gm.) of the alkaloid, 
3 drachms (8 gms.) of glycerin, and 6 drachms (34 gms.) of 
cerate;. veratrine, 10 grains (0.6 gm.), may be added for severe 
cases. Care should be 'taken to avoid rubbing this ointment 
over an abrasion, since it is violently poisonous. Ethyl chloride 
sprayed over the painful region duly sometimes proves curative. 
The skin should be protected by a thin layer of grease. In mild 
cases menthol rubbed freely on the skin is quite effective. Its 
efficiency is greatly increased by the addition of guaiacol; 15 
grains (1 gm.) of each may be dissolved in 5 drachms (80 gms.) 
of absolute alcohol, and rubbed gently over the congested nerve. 
Again, cocaine, 15 grains (1 gm.), may be combined with men¬ 
thol, 10 grains (0.6 gm.), in one drachm of vaselin, and rubbed 
into the skin with a wad of cotton. Chloral hydrate, with equal 
parts of camphor, forms a thick liquid which, painted freely over 
the affected region, serves often to prevent the pain until inter¬ 
nal treatment has controlled the cause. Oalvaniem, the anode 
well moistened with salt water, being placed over the painful 
spot, also relieves pain by causing constriction of the vessels that 
supply the nerves. 

(4) Measures which provoke direct or indirect depletion of 
perineural arterioles, and, therefore, of the endoneural capil¬ 
laries.* 

Ouaiacol is so active in this connection that 15 drops ap¬ 
plied to the skin have caused a marked decline of the peripheral 
temperature, and even prostration. Equal parts of guaiacol and 
glycerin painted over the diseased nerves promptly relieves pain. 
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Loo d h— afford a ready means.for direct depletion; but in 
brachial neuritis bleeding may be resented to with advantage, the 
abstraction of a few ounces of blood sufficing. Cupping is still 
recommended by some eminent neurologists. Hydrochloric odd 
painted over the nerve, three or four times at 48 hours’ interval, 
affords effective counterirritation in neuralgia of the extremities. 
Superheated dry air is very effective, not only because it draws 
blood to the skin, which becomes quite red, but because the activ¬ 
ity of the auto-antitoxin of the blood is greatly enhanced.* 
Warm pack about the abdomen or even the ordinary hot water, 
applied over this region markedly facilitates the action of any 
drug administered internally calculated to deplete the congested 
area. Heat applied to the latter in the form of the hot-water 
bag; a hot brick, a hot hop or bran bag are familiar derivatives 
which assist the curative process also by increasing catabolic 
activity of the trypsin in the auto-antitoxin.* 

Mkabubxb which Tknd to Eliminate the Cacbb or the 
Nxuhal Congestion.— Of the many exciting causes of neuritis 
enumerated, those that belong to the domain of the physician 
are closely allied, we have seen, (1) to disorders, such as 
migraine, gout, epilepsy, etc., which are attended by an accum¬ 
ulation of toxic wastes in the blood, and (8) with intestinal 
torpor due to the same central cause, and entailing auto-intoxi- 
cation. 'Since the pain occurs in most cases as intermittent 
paroxysms caused by the accumulation of toxic materials in the 
blood, measures which prevent the latter should prevent the 
return of the pain. 

In some cases purgatives now and then suffice to prevent 
the acc e ss es . Castor oil , of all remedies of this class, has given 
the best results to 1 to 8 ounce (88 to 56 gm.) doses eaeh 
morning. Mixed with two or three tablespoonfuls of ale (pre¬ 
ferably Bass’s, owing to the large quantity of gas it contains) 
it forms an emulsion and cannot be tasted. After the first few 
days it causes but one evacuation daily. The oil causes both 
catharsis disinfection by increasing reflexly the relative pro¬ 
portion of auto-antitoxin to the intestinal juice.* Citrate of 
magnesia and other saline purgatives taken occasionally, only 
prevent the attacks to mild cases, and require the aid of ram- 
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ediea that stimulate the adrenal system. The dietetic measures 
recommended for migraine 11 * are also indicated in cases of neu¬ 
ralgia when at all severe. This applies likewise to the use of 
m2nm solution when the general symptoms point to a consider* 
able accumulation of toxic wastes in the blood, especially in 
sciatica. In all such cases the free use of pure water as a bev¬ 
erage is very beneficial, while the use of alcohol, coffee, and tea 
is harmful. 

Castor oil has given excellent reaulta In the various forms of neu¬ 
ralgia. Ochsner reported 13 cases all materially improved. 'Moyer 11 * 
treated 15 ca ses In the manner outlined in above text. Of seven reported 
but one failed to be benefited, four being cured. Aldrich,*“■ Wauiam” 
and others, have also recommended this treatment. Debove and Bruhl 11 * 
found a saline solution compmd of 5 per mills each of sodium chloride 
and sodium sulphate, effective in sciatica. 

Of the drugs which have been used to controvert the "gouty** 
state—by stimulating the adrenal system— sodium salicylate, or 
salicin, 5 to 15 grains (0.3 to 1 gm.) in cachets, followed by 
a glassful of water, has given good results, but both agents 
sometimes cause gastric disorders. A more satisfactory remedy 
is strychnine in full doses, l / 40 grain (0.0016 gm.), gradually 
increased to */*• grain (0.0032 gm.) three times daily. It pow¬ 
erfully stimulates the anterior pituitary body, thus enhancing 
the oxidising power of the blood, and is especially active in early 
cases, and when anaemia is present. In sthenic cases sodium io¬ 
dide in 10 grain (0.6 gm.) doses in a large glassful of water after 
each meal is more effective. It may be gradually increased, but 
as soon aa any sign of iodism appears the doses should be re¬ 
duced as needed to avoid this phenomenon, the smaller dose 
being continued. When gout or rheumatism is present colchi- 
cum, 10 minims (0.6 gm.) of the tincture, increases greatly the 
efficiency of the iodide; colchicine. Vim grain (0.00054 gm.), 
may be used instead of the tincture. Quinine is often recom¬ 
mended, but it is really beneficial when malaria underlies neu¬ 
ritis and when anaemia is present. In sthenic cases, it causes 
hypertonicity and increases the pain. The bensoats of eodium, 
5 grains (0.3 gm.) every three hours the first two days, then 


r. thta vot., p. 1UL 

Jou. Abh. Mad. Am, Apr. St. ISOS. 
Clavatand Mad. Ou., Nov.. MM. 

_ . -! Colo. Mad. Jour Boo. Mil. 

*“ Dobovo ud Brutal: Qm. dao bdpUux, vol. Ixvtll. p. 



NfeURtTIB, NRURALOIA. 1647 

ifter etch meal, ii often efflcacioun in children or young adoles¬ 
cents. 

In. neuralgia as well as migraine, the case should be care* 
fully examined lest the pain be reflex. Any causal disorder of 
this kind should, of course, be eliminated. This being done 
and the measures recommended failing to remove the suffering, 
surgical measures should be resorted to, especially in tic dow- 
lowm. In this acutely painful form of neuralgia, the best 
operation so far devised is that of division of the sensory root 
of the fifth nerve, a safer and more efficacious operation than 
removal of the Gasserian ganglion. 


Strychnine In heroic dom wm found effective by Deni'** In cue* 
of one or two years' duration. It arrested the disease almost invariably. 
In eases of six or seven years' duration aid in those in which inflam¬ 
matory changes—especially scleroses—were present, no benefit resulted. 
It is ninally given hypodermically, but as more than one injection can 
hardly be aammletered daily, a large dote has to be given. I nave found 
it more advantageous to give it Internally as stated, i.e., In divided 
doeea, since a larger aggregate of the drug can thus be used. 

Division of the sensory root of the fifth pair for Ue douloumu 
has recently been perfected by Frasier and Hpiller, who Introduced this 
operation. In the four cases reported 1 * there had been no recurrence of 
the pain, the longest time elapsed being two yean and eight months, 
and the shortest fourteen months. It entails much less nmorrhage 
than removal of the Gasserian ganglion, is less dangerous, avoids ocular 
disturbance and particularly ulceration of the cornea. 
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i* Frailer sad Bplller: IM, Oct lilfot 



CHAPTER.XXVI. 


THE INTERNAL SECRETIONS IN’ THEIB BELATIONS 
TO PATHOGENESIS AND THERA¬ 
PEUTICS (Continued). 

DISORDERS DUE TO HYPERACTIVITY OF THE ADRENAL 

BYBTElf* 

Although the above heading would appear to incriminate 
the adrenal system as the source of the disorders considered in 
this chapter, the morbid effects its excessive functional activity 
engenders are, in truth, primarily due to the presence in the 
blood of one or more poisons which overstimulate the test-organ, 
and thus cause an excessive production of adrenoxidase. As I 
will show in the following pages, it is this agent which, by 
enhancing metabolism inordinately in the walls of the arterioles. 
of the vasa vasorum, causes the lumen of these vessels to become 
obliterated. Atheromatous degeneration thus- becomes but a 
normal result of the fact that the • nutrition of the vascular 
tissues supplied by these minute vessels is prevented. 

This points, however, to the adrenal system as the domi¬ 
nant factor of arteriosclerosis, a disease which, although as 
stated by Sir James Barr, 1 "kills more men in the prime of life 
and vigor of manhood than any other,” is far from being under¬ 
stood. Indeed, Joseph Collins, 1 after a comprehensive study of 
the subject,.was recently led to conclude that "there is no 
unanimity of opinion concerning the way in which the morbid 
condition constituting arteriosclerosis develops.” The adrenal 
system fulfills quite as prominent a position in the pathogenesis 
of the two main results of arteriosclerosis, vis., angina pectoris 
and cerebral hemorrhage, as we will presently see. 


ARTERIOSCLEROSIS. 

Synonyms. — Atheroma; Art eriofibrosis; Endarteritis 
Chronica Deformans. 

Definition.—Arteriosclerosis is primarily due to the pres¬ 
ence of endogenous or exogenous toxic substances in the blood. 
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in exeese.of the quantity which the auto-antitoxin of the latter 
can convert into benign and elimiuable end-products. The 
adrenal system being kept overactive by these poisons, however, 
the proportion of adkenoxidaee in the blood is excessive, and the 
walls of all vessels are the seat of inordinate metabolic activity. 
This may cause either abnormal constriction of the vasa vaso- 
rum, and thus impair vascular nutrition, the denourislied areas 
becoming the atheromatous or sclerotic patches; or, it may 
initiate the latter by increasing the digestivo or proteolytic 
activity of the defensive ferments, thus causing destruction of 
the blood elements and autodigestion or autolysia of the vascular 
tissues. . 

Symptoms.—Although arteriosclerosis gives rise to symp¬ 
toms that vary according to the organ which is the seat of the 
most advanced lesions, there are certain phenomena that are 
wirnmnn to all cases. Before the characteristic vascular lesions 
are discernibie, these cases are apt to show evidences of general 
asthenia, being readily fatigued by exertion, and sweating 
readily without adequate cause. The face is pale, eapeeially 
about the mouth, temple and eyes, and a tendency to giddiness 
and loss of intellectual acumen is occasionally observed. 

When the disease is sufficiently advanced, the characteristic 
symptoms are eminently vascular. Prominent among these is 
the resistance of the vessels to pressure, especially discernible 
when the finger is applied over the arteries of the wrist and 
popliteal apace. The resistance may bp due to two factors: one 
of these, increase of tension of the vessel, is not always present, 
and often occurs in other diseases; while the other, thickening 
of the vessel-walls, is a characteristic sign when high tension is 
alone present, firm pressure arresting the pulsations beyond the 
seat of pressure. When the artery is scleroded, however, this 
cannot be done, the vessel's pulsations being quite perceptible 
notwithstanding the compression; the pulsation is also pro¬ 
longed owing to the narrowing of the vascular lumen. High 
famdim and sclerosis are often present simultaneously; in that 
ease, the signs of sclerosis prevail. Another sign is usually 
present to confirm the diagnosis: a tortuous, dilated, and pul¬ 
sating appearance of the arteries of the temple. SphygmogTaphic 
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tracings show a short sloping upstroke, a wide top and a slow, 
gradual downstroke. The pulse is .usually alow and retarded at 
the wrist when the narrowing of the artery is marked, and may 
differ on the two sides if the stenosis of one vessel is more 
marked than that of the other arm. Another confirmatory sign 
is often present, the arcus senilis. 

Early in the course of the disease the urine is apt to be 
more abundant and to show variations of specific gravity. Albu¬ 
minuria may. then appear intermittently, and finally contain 
casts. When these organs are seriously involved, anuria and the 
symptoms of chronic fibrous nephritis may appear and symp¬ 
toms of uraemia likewise. Arteriosclerosis of the uterus is 
sometimes the cause of severe haemorrhage at the menopause or 
in aged subjects. In the latter the bleeding is difficult to con¬ 
trol, owing to the arterial fibrosis. The dislodgement of 
thrombi, due to endarteritis, or detached thrombi or wide¬ 
spread a rteriosclerosis, sometimes gives rise to gangrene of the 
extremities. 

An Important feature of the whole problem Is Che asthenia char¬ 
acter of the dlowna emphasised by many authors, whether met in a 
decrepit old subject or In aa overfed gourmand. Thus Stengel* includes 
among the earlier symptoms "reduced vitality,” and remarks that "many 
eases of neurasthenia are of cardiovascular origin,” and characterises as 
the "arterloeclerotlo fades,*' "a peculiar pallor** specially conspicuous 
around the mouth, temples and eyes. Klsch* associates obesity with 
arteriosclerosis. 

Bittdorf, 1 aa shown farther on, associates marked pallor with 
aortic arteriosclerosis. As to the involvement of the uterus, Bdnicks* 
observed four oases of this kind in which hysterectomy necessary 

to avoid a fatal issue. The vessels of the organ showed typical lesions 
of the senile type. Similar instances have been reported by Cholmogo- 
roff, v GrubeP ana others. Ergot invariably aggravates the bleeding. - 

The heart finally becomes hypertrophied, owing to the in¬ 
creased resistance of the blood-column. The left ventricle hav¬ 
ing to bear the brunt of the increased work, however, it is the 
one which undergoes hypertrophy first; the aortic second sound 
is therefore unusually accentuated, clear and ringing. This is 
beat heard behind, over the angle of the left scapula on a level 
with the seventh dorsal spine. This unilateral enlargement and 
the unusual displacement the increased vigor of the left ven- 
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tricle entails tend to displace the heart as a whole—the apex 
being sometimes oyer an inch or more nearer the sternum than 
nsuaL This hypertrophy is a desirable condition, and serves 
to overcome the obstruction to the blood-stream. The general 
health may not be impaired by its presence a number of years 
therefore, until the coronary arteries are markedly diseased and 
the nutrition of the myocardium is seriously compromised. 
When this occurs degeneration of the heart-muscle supervenes 
with its consequences: heart-failure, urhytliniin, dyspnoea, pul¬ 
monary congestion, oedema, etc. Angina pectoris is a formid¬ 
able complication of the lesions of the coronaries, though not 
due, as now believed, to obstruction of these vessels, but, as 
shown farther on, to their inability to control the volume of 
blood admitted into the pericardium.* Rupture of tiro heart- 
wall may occur, with haemorrhage into the pericardium. 

Haaenfeld* found in the rourw of extensive pathological studies ■ 
that arteriosclerosis only leads to hypertrophy of the left ventricle when 
the splanchnlcs or thoracic aorta are severely affected. Arteriosclerosis 
of the other vessels does not seem to have such an effect. Hunsberu" 
holds, on good ground, that the cardiac symptoms arc of dual origin, the 
one set arising from the sclerosis of the coronaries, the other due to 
Impairment of the cardiac functions owing to the sclerosis of the vas¬ 
cular system at large. Stengel very appropriately states that arhvthmia 
in persona near forty is too often attributed to gastric disturbances, 
tobacco, tea, coffee, etc. 


The aorta is often involved, and tends greatly to aggravate 
the patient’s general condition. The faro is often very pale 
and there is a marked tendency to obesity. Abnormal pulsa¬ 
tions in the subclavian and carotid arteries arc usually marked, 
and dilation of the veins of the chest may sometimes be pro¬ 
voked by forced respiration; the tissues over the sternum will 
then appear {edematous as in aortic aneurism. The pupils may 
differ in size, though the reflexes remain normal, and the retinal 
vessels may be dilated an<f even haemorrhagic. Respiratory phe¬ 
nomena are of frequent occurrence, there being a tendency to 
bronchitis, emphysema, bronchiectasis and hseraoptyais, with a 
marked susceptibility to tuberculosis. A prominent symptom is 
weakness of the arms. The resistance to the blood-stream being 
increased in the aorta, the cardiac hypertrophy attending the 
general disease is aggravated, and may even occur il the aorta 
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be alone the net of the characteristic advanced lesi o ns. While 
the first aortic Bound is deer and distinct, the second sound is A 
more or lees accentuated. The peripheral vessels may show but 
slight arteriosclerosis. The pulses of both sides often differ, 
and the pulse is generally rapid, though the blood-pressure be 
increased. Palpitations, cardiac opp re s s ion and dyspnoea are 
caused by exertion, while vertigo, tinnitus and other s y mpt o ms 
of the general dyscrasia may appear. 


The. s ymp t omatology D f aortic arterioecleroelo haa recently been 
carefully worked out by Blttdorf“ In 54 mu not complicated ,by aqrtie 
ste n os i s, aneurism, coronary sclerosis or nephritis. The symptoms out¬ 
lined in the general text are mainly thorn given by tills investigator. 
William Welcn“ states that the aorta la a region of predilection for the 
cicatricial form of arteriosclerosis. It shows but little tendency to ex¬ 
tend Into the large branches of the aorta or into the abdominal aorta. 
The changes occur In the adventitia and media, and may consist of fur¬ 
rows and depress tone, elevated plaques or fibrous soar-like patches. 


Arteriosclerosis of the brain is a prominent feature of many 
cases. Vertigo is a salient symptom of this condition, especially 
in the aged. In these and younger subjects the early mani¬ 
festations may assume the form of intellectual torpor with loss 
of memory for recent events, irritability and darting head-pains. 
Aphasia, somnolence, tinnitus anrium, inequality of the pupils 
and disorders of vision and sensation, i.e., insecurity of gait or 
even numbness of one limb or one side of the body. Apoplecti¬ 
form and epileptiform attacks, preceded by the characteristic 
prodromes, ere sometimes witnessed in such subjects, and, in 
fact, may precede those just outlined. Senile dementia or gen¬ 
eral paralysis which occasionally occur are due, in keeping with 
the other phenomena, to degenerative changes. 


la a study of 200 eases of apoplexy M. Allen Starr* found that 80 
per cent, showed many of the above plynom e na as prodromal signs. 
Hence the Importance of recognising them early so as to foretell, if pos¬ 
sible, the apoplectla attack. Joseph Collins, 1 * In an able article baaed 
on a study of 800 eases of artsriaselarosia, states that “the moat strik¬ 
ing feature of the disuses Is the alteration of the patient’s sppearanoe. 

. The Individual becomes transformed from a person expressing grace In 
movement and r el axation fat repose, Into on immobile. Inanimate replica 
of the normal penonf* .... “the gait la perhaps the moat remarkable 
feature of the patient. The stride is short, o ft en ti mes only n few Innhm. 
the feet widely separated and not lifted from the ground, the rhythm 
of the move m e n t often alow and rapid. 1 * In 15 amand mam zapln- 
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In 14. Oollina atstoe that the most 
found In the middle cere b r a l arteries and the 
the entire brain la shrunken. Honduran!/* 
con cl udes that “the characteristic and ever- 
of arteriosclerosis Is dementia of some kind 


Arteriosclerosis of the spinal card and peripheral nerves 
lnay act as the underlying cause of numerous diseases of these 
organa. Lesions of the lower half of the cord evoke morbid 
phenomena In the lower extremities; lesions of the upper half 
in the upper, or in both npper and lower. If the anterior horns 
are involved, motor symptoms appear; if the lesions are located 
in the posterior horns, the disorders are sensory. Besides these 
territorial effects, however, tlie specific symptomatology of arte* 
rioscleroeis asserts itself. Thus, besides gradual development of 
paralysis of the lower extremities, preceded by stiffness, mus¬ 
cular cramps, etc., the arteries show the typical signa; the 
blood-pressure is high and the characteristic heart-sounds are 
present. 

The spinal type of neurasthenia, pain in the back, numb¬ 
ness of the leg*> irregular twitchings of the muscles and weak¬ 
ness, irregularity in urination, and constipation and various 
forms of neuralgia are also witnessed. 

Joseph Collins, referring to the sympto matology given in outline 
In the first paragraph, and Illustrated by a typical cam sent with 
Zabriskle, states that whan advanced, such cases am often diagnosticated 
as transverse myelitis or chronic myelitis. He refers to an instance In 
which the qupkau came on so sbruptly that the diagnosis of lAndry’s 
paralysis was He states also that it was well described by von 

Ltyden (1875), who looked upon it as a senile process In the spinal 
cord. The nemrasthenlc tope outlined In the second paragraph b re¬ 
garded by If. Allen Stan" as due to malnutrition of the cord. 

Pathogenesis and Pathology.—In the majority of cases of 
arteriosclerosis, {he disease is preceded by a general adynamia 
due to functional torpor or hypooctivity c it either of the organa 
of fhe adrenal system, or all of them, the adrenal center, 
the adrenals or the thyroid.* This may be the result of normal 
or premature Senility, starvation, or of diseases such aa syphilis 
and influenxa, which depress markedly the functional activity 
of (b adrenal center;* or of poisons Rich aa a l c oh ol, phosphorus 
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—that of the endotoxin of tuberculosis, for exhmp’e—rwhich 
deoxidise the blood and thus render all the organs of the adrenal 
system hypoactive;* or of inherited functional debility of this 
system.* 


Old age la not a cause of arteriosclerosis. The organa of the 
adrenal Breton becoming senile with the rest of the organism, the pro- 
obbb of life which they govern, is., tissue metabolism, is Inhibited la 
proportion. The other etiological factors are generally recognised ae 
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years of age (Russians), found that 47 gave a history of syphilis 
acquired from eight to thirty years before the date of examination, and 
that all but four were immoderate or moderate consumers of alcohol. 
Though this applies to Russian lower classes and cannot be taken as 
standard for people of other countries, the potent influence of syphilis 
aid alcohol is, nevertheless, illustrated. Sir J. Barr'* regards syphilis 
as the most potent factor in the production of arteriosclerosis, and holds 
that typhoid fever plays a considerable part in its induction. Exces¬ 
sive smoking is also believed to be pathogenic. Boveri" produced athe¬ 
roma of the aorta in the rabbit by the administration per ora of an 
Infusion of tobacco. Nammack” attaches great importance to heredity 
aa an etiological factor. Book** attributes a certain proportion of eases 
to insufficient food. 


In this group of coses the exciting causes of arteriosclerosis 
ore toxic products of hypocatabolism, including xanthin and 
hypoxonthin, which* are present more or less continuously in the 
blood, owing to the functional torpor of the adrenal system.* 
Hence* the fact that the gouty diathesis is generally included 
among the causes of arteriosclerosis. 

The poisonous properties of xanthin, hypoxantliin and other toxic 
wastes of the purln group were first shown, we have seen, under Gout, 
by Grancher and fully confirmed 6y Kisch, Tandler Faltauf and 
I Albrecht. Croftan," moreover, showed that they produced granular 
\ degeneration of the epithelium of the convoluted tubules andprolifera- 
tion of the endotheliutai of the intertubular epithelium. The corre¬ 
sponding lesions in the smaller vessels in arteriosclerosis, in the familiar 
“endarteritis obliterans, n the “arterlolitis” of Letuile, etc., correspond 
with these processes,—all inflammatory in nature, aa pointed out by 
• Virchow In 1886, precisely as the lesion In the kidneys, the interstitial 
nephritis leading to contraction, is Inflammatory. 

Gout la now generally considered as a cause of arteriosclerosis, 
whireas, aa Interpreted from my standpoint, the etiology of gout and 
that of arteriosclerosis are—aa far aa the xanthin group Is concerned— 
similar, is., adrenal insufficiency hading to the formation of toxio 
wastes as a preliminary feature. Raehlord,* 1 nearly ten yean ago, 
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emphasised **»<■ kinship and attributed the main phe n ome n a witnessed 
in arter ios c lerosis to xanthin and other purin bodies. “We sen well 
imagine/' says this author, "that this condition of the arteries might 
Ymult from their long-continued irritation by the pres e nce of an e x cess 
of the alloxurie bodies in the blood,” several cases being adduced in 
support of this view. If the multiplicity of conditions *lth whieh 
arteriosclerosis la associated, migraine, neuralgia, neuritis, asthma, etc., 
are compared to those associated with the gouty diathesis, the strength 
of this interpretation will appear. Again, we have seen In the artlrlo 
on Gout that, as first shown by Levison, the kidneys are profoundly dis¬ 
eased In gent . The similarity of the lesions in both diseases, however, 
may he illustrated by Osiers statements that In gout" there is "an 
Interstitial nephritis, either the ordinary ‘contracted kidney’ or the 
arteriosclerotic form," and that In arteriosclerosis, - "the c on dition is 
practically that of contracted kidney.” 

Arteriosclerosis differs from gout and the diseases that are 
provoked by the gouty diathesis in that it may be caused (indi¬ 
rectly) by poisons other than the purin bases. Thus it may be 
caused by products of tissue catabolism, such as those derived 
from the muscles during violent exertion or physical labor, or 
from the brain tissues during excessive mental strain, or from 
the combination, of these two factors which constitutes “strenu¬ 
ous life.” The disease may also be provoked by the pathogenic 
elements of many infectious diseases, typhoid fever, variola, 
erysipelas, pneumonia, measles, scarlatina, acute rheumatism, 
septicaemia, etc., and various poisons such as lead. 


Excessive muscular exertion is regarded as a prominent predisposing 
factor. Thayer and Brush, - in an analysis of nearly 4000 patients 
suffering from various diseases, found the percentage of paipablo radial 
arteries materially higher among Individuals in whom there was a his¬ 
tory of heavy physical labor. Collins” states that “within the present 
generation arteriosclerosis has advanced from the position of a senile 
manifestation and a nece s sary accompaniment of old age, which our 
predecessors had given It, to one of the commonest sequences of the 
strenuous, disordered life.” 

The toxic origin of arteriosclerosis has been pointed out by Traube, 
Rokitanskl and many others. Both Huchard end Riineberg ascribed 
endarteritis to a toxin in the blood. Th#rt«e" was able to prove this 
fact experimentally. Jllbert and Lion, - Botnet and Romaiy” and 
Others produced atheroma of the aorta by Injecting wrimujsteMla 
bacteria. A comprehensive study of the question also led Russell - to 
conclude that the disease is due to the presence of deleterious substances 
in the blood. Again, Flexner - observed a ease In whieh the aorta bad 
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■jipuntlj bean rendered tuberculous through infeotbm of the Intiuia 
bv the blood-stream—a, legitimate conclusion in twit ol on j contention 
that the endotoxin of tubercle bacilli acts through the pboepot :ue it eon* 
tains. Thayer and Brush," bn 21 out of 82 autopsies In mbold fever, 
found fresh patches In the aorta, and in IS out ol 82 autopsies, similar 
patches on the coronary arteries. . 


These poisons provoke arteriosclerosis by during an exces¬ 
sive or too prolonged defensive reaction of the adrenal system.* 
The blood being supplied with an excess of adrenogidase, the 
muscular coatB of all vessels, including those of the nutrient 
arteries of the latter, the vasa vasorum, are subjected to exces¬ 
sive metabolism, which causes them to remain more or less 
permanently constricted, and finally to hypertrophy, thus obli¬ 
terating the vessel.* 

The marked vascular tension observed in many cases of 
arteriosclerosis—which constitutes one of its most dangerous 
phases, owing to the danger of arterial rupture, cerebral haemor¬ 
rhage, aneurism, etc., it entails—-is the subjective manifestation 
of this condition.* The arterioles which Bupply the vasa vas¬ 
orum being primarily affected in this manner, owing 'to their 
diminutive sise, the areas of the vascular coats to which they 
are distributed are no longer adequately nourished; they finally 
become necrotic, therefore, and are then transformed into athe¬ 
romatous or sclerotic patches.* 


Russell" has urged the existence of s close connection bet ween 
arteriosclerosis and vasoconstriction, the latter being attributed by him 
to the presence of poisons In the lady, t*., to autointoxication. 

The vasa vasorum have long oeen known to play an Important 
rSls in the proems. Cowan" states, in feet, that uw "vasal manges 
may, in some esses, be the only visible lesion,” and refers to esses in 
which "the interference with the vascular supply from the vasal vessels 
produced medial and intlmal necrosis.” Osier, referring to Connell* 
man's study of 41 autopsies, states that "in the circumscribed or 
nodular arteriosclerosis the primary alteration eonslsta In a degenera¬ 
tion or a local Infiltration in the madia and adventitia, chiefly about 
the vasa vaaorum.” All this applies to the large vessels as well as to 
the aorta. Cowan states that lie has wit ne ssed obliterating lesions -in 
tha aortio vasa after acute rheumatism. 

Interesting experiments have shown recently that injections of a 
solution of adrenalin during a prolonged period produce d typical athe¬ 
romatous lesions. This fact, first observed fay JosnA. baa been confirmed 
by Gouget," R. M. Pearce and K. MaeD. Stanton" and Lb Braun." Tha 
latter observer, however, injected amyl nitrite risadtanaoudy to oo un * 
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lout the THocwitrhtor action of the adrenalin. Aa the arterial 
s cle rosis followed nevert h eless, he concluded that Its action wna almllar 
to that of other toxica. Thta view la in accord with my Interpretation 
of the mode of action Of the adrenal accretion: By Injecting persis- 
tantly adrenalin (the active principle of thla aecretion) Into toe blood, 
they produced excessive Intracellular metabolism, constriction and ob¬ 
struction of these veaaels in the experimental animals. In most ca ses 
the pathogenesis may be divided Into three types: the edmiel type just 
dnarrlbod. the autolytio type, and finally, the denutrition type. 

As to the outolytic type, the pancreas, from my viewpoint, 
plays one of the leading parts in the process. Besides governing 
carbohydrate metabolism, it supplies a ferment or ferments 
which tolt» a direct part in the protein metabolism of the tissue 
o«HUp and also in the defensive reactions within these cells, aa 
well as in the phagocytes and blood-stream. 

We have seen that the presence of trypsin and other fer¬ 
ments in leucocytes is now recognised as a fundamental feature 
of phagocytosis. MetchnikofTs evtase is regarded by him as a 
tryptic ferment We have also seen that some leucocytes, at 
least migrated from the intestinal canal to the tissue ceils, there 
to carry on, among other functions, that of catabolism, besides 
acting as phagocytes in the blood. These cells were shown to 
f-ira part in the defensive process in the plasma when it was 
invaded by bacteria, toxins, toxic waste products, or other sub¬ 
stances harmful to the tissue cells, the catabolic phase of metab¬ 
olism here serving to break down the pathogenic substances, en¬ 
dogenous or exogenous, precisely as it did womout components 
of the tisane cell. 


Abderhaldsn" has aiaoa leashed very similar conclusions. ‘'Every¬ 
thing points,” writes this observe r , "to toe fast that toe [tissue! cell 
has agents at Its disposal wbioh render It capable of splitting up Into 
their ^—p 1 —* units all the complicated substances which are brought to 
It or wfatehlt Itself builds up/ Again, "Bash separate cell w ith very 
few exceptions disposes of the some or similar fermnta as those secreted 
by the digestive glands in too Intestinal canal” As to the manner in 
whisk thnSssuB mils am reached by them ferments, he writes: "Many 
facts accord with the congestion tost the leucocytes play a part In con¬ 
nection herewith.” In keeping with my own views, Abderhaldsn has 
tanned ton digestive ferment a "defensive ferment,” tons bringing; he 
“the so-called reactions of Immunity Into done l{?o wltoprmemm 
that am t*™ 1 consequently familiar to the mils. Briefly, the 
——- proems which prepares foo d s t uffs for assimilation and breaks town 
down toeHmlnaMe wastes la uaad by Nature to co nvert pst hofi le sn b- 
> likewise Into elimlnable end products, thus protesting ton 
, their morbid effects. Thin sonmptlon of lsumnlty, 
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l~Hn d and clinical phenomena. that have remained unexplained. In arto- 
imdmiit, and cfter conditions, we witness, azumg other a anaatfr o 
phenome na, esia^g^attea of this digestive proof m, with tleene destruc¬ 
tion ae a moult. 

Am to the dlgmtlve ferments, their pr ee o noe In tleene eella ha*, long 
b—n recognised. No leaa an authority than Vaughan state** that “the 
eell whleE oanno longer supply a digee tire ferment ie already dead, 
Xterer bo the kinder am^nt of pSnlnm eurroundlng It.” Of the 
proamrn of the dlgeetlve ferment In the Mood, E. L. OpteP writea: "The 
ability of the blood to remove injnrknu material la dependent on the 
pneereelim of pioteolytlo enzyme*. Peculiar to the polymorphonuclear 
leucoc y tes la an enzyme which, like try pain, exerts lte dlgeetlve action In 
an alkaline me di um .” 

Wheeler and Bishop's sensitization theory of arteriosclerosis 
is also based on the presence of trypsin in the tissue cells, with 
excess of proteins as the main, pathogenic agent. 

Yet bool 1s this sensitising prooeaa carried on and how are the 
arterial lesions provokedT We are not dealing hen with a s udden 
anaphylactic reaction, but, in practically every instance, with a very 
slow end gradual erosion, aa it 'were, of the vascular walla. How la this 
morbid process developed T This is where, I believe, the functions of the 
thyroid and adrenals assert their Influence. While there la no proof 
that the protein itself activates directly the trypsin qrmogen in the 
cells, muon evidence la available to show that It does so indirectly by 
ev oking , In the body at large, a defensive reaction. 

The protein enhances the functions of the thyroid and ad¬ 
renals beneficially up to a certain limit, harmfully when this 
limit is exceeded. In other words, proteins used in- excess 
awaken a reaction having for its purpose the conversion of the 
harmful surplus of proteins, both in the cells and in the blood, 
into eliminable end products. As long as the excess is only 
such ss to keep this protective reaction within certain bounds, 
no harm to the tissue cells results, even though the cellular pro- 
ferment is sensitized; but if, when the protective tide is at its 
highest level, more proteins are added and the already sensitized 
cellular proferment becomes activated it digests the cell itself, 
starting the destructive process, or autolysis, the precursor of 
arteriosclerosis. 


The MBdUdM properties of the thyroparathyroid secretion, which 
I assimilated to those attributed to opsonin by Sir A. E. Wright, has 
been confirmed by others. For the chemical process involved, I may re¬ 
call that the high liver In the early stages of arteriosclerosis often pre¬ 
sents sym ptoms of Graves's diseas e, flushing, s en sa tion of heat, nervous 
Irritability, palpitations, high blood-pres su re, ate., and Ant the thyroid 
gland or Its preparations do not always produce vasodilatation, aa la 
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generally stated. W. E. Waller* has alao emphasised this feet recently, 
rating a number of eaeea of Graven 1 * disease iiv which, In keeping with 
some of my own observations, the tdood-preesure roes to 170, and In one 
Instance to 200 mm. Hg. In the present ealamitous war hyperUiyroldia 
has also been found by L. T. Thorne** 'to be accompanied by a rise of 
blood-pressure. Autopsies of victims of Graves's disease often show, more¬ 
over, arterial degeneration presenting the characters of arteriosclerosis. 

The thyroid and adrenal secretions being admittedly in¬ 
creased by protein in excess, the rise of temperature awakened 
enhances the digestive activity of cellular ferments. 


That the thyroid influences oxidation le well shown by the studies 
of Ifagnua-Levy, Salomon, Steyrer, and others, in which among other 
conclusive facts, the intake of oxygen in Gravce’e disease was found to 
be increased from SO to 80 per cent. As regards the adrenals, the pro¬ 
gressive fall of temperature from normal to 80 “ F. or even below, which 
follows their extirpation, the low temperature attending Addison’s dis¬ 
ease and the fact that, as stated by Died],* injections of adrenalin may 
cause a considerable rise of temperature, point to tbo Influence these 
organs have on general oxidation—a process which I regard as the 
moat important of their fnnetiona. Finally, that the thyroid and ad¬ 
renals act jointly and are mutually necessary is well shown by the obser¬ 
vation of Eppinger, Falta, and Kudinger, that adrenalin falls to raise 
the blood-pressure after the thyroid has been removed. 

Recalling the stimulating influence of overfeeding; particularly of 
protein wastes, on the thyroid and adrenals, and that the excessive activ¬ 
ity of them organs so raises the sensitiveness of the cellular trypsin that 
tida ferment tends to digest the very ceils which harbor it through, aa 
vra now ace, increased oxidation, we are brought to realise hew typhoid 
fever, scarlatina, influenza, rheumatism, tuberculosis, and other febrile 
infections may initiate the disease. Alcohol belongs to the same cate¬ 
gory aa a cause since it Is by undergoing oxidation in the body that it 
liberates its energy. The cases due to the excessive use of tobacco prob¬ 
ably belong also to this class. Cannon, Aub, and Singer* having found 

Injections of nicotine In email amounts in cate caused at) increase 
of adrenal secretion. Gley likewise observed recently that nicotine eaused 
aa In c r e a s e of adrenalin in the blood, while in rabbits Leo £oeb found 
that the primary lesions caused by nicotine were In the intima. 


As to the pathological lesions produced, the blood being 
flu active oxidising agent, the lesions are those of the nodose 
type, affecting first the intima, particularly where the blood is 
most rich in glandular products, and then the aorta, where auto- 


lysis is most active. 

The third or denutrition type imposes itself, when we take 
into account the fact that cases of myxedema frequently show 
post-mortem advanced arteriosclerosis with typical lesions in¬ 
cluding calcification. 
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A similar condition has ban o bssrvsd by Bournsville, 

Bm and oIInk in hypot hy roid!*, wMk prammtoni artsrkN 
not un c ommon in diabetes, particularly in the advanced stag*. Ha 
<»<i— of the thyroid apparatus u pon a d d rt fan and metabolism as- 
plalna this p h e nom e n on—d im i nish ed functional loUrltgr, obvio us ly de¬ 
fective metabolism, and degeneration in the res set walls. The sclerosis, 
fibrosis, or ealdfleation found more or lesa in all forms being a 
of local repair, it occurs as well la this degenerative form as It 
the two preceding. 


In the aged, arterioaderoaie ia due in some instances to 
deficient activity of the ductless glands. 

As shown by the studies of landau,* Eeker, Heine, BoUaston, and 
others, the adrenals, for instance, show marked reduction in volume and 
in wealth of vascular channels and secretory activity In aged individuals. 
This applies also to the thyroid. 

The fact that hy positive adrenals do not prevent the development 
of this denutrition type of arterkMderodst su gg e sts that high blood-pres¬ 
sure Is not necessarily a feature of the morbid process. I nd eed, various 
observer s have brought on the disease by Injecting toxins. Including 
adrenalin with agents, amyl nitrite, for instance, which would prevent a 
rise of blood-pressure, or m doses too minute to affect the latter. 


High blood-pressure should be regarded more in the light 
of a very important early symptom and also as a valuable danger 
signal in advanced cases than aa a causal factor of the disease, 
bearing in mind, hbwever, that in come patients it is compen¬ 
satory. 

Treatment.—If the death rate of arteriosclerosis and its 
many complications is to be reduced materially, the symp¬ 
tomatology of the preaclerotic stage should be established as 
clearly aa possible, is., the stage before the blood-vessels have 
become the seat of lesions, when either excessive adrenal activ¬ 
ity, autolysis, or arterial denutrition is taking place. The 
etiology here ia of cardinal importancce. Aa to the symptoms of 
folly developed disease, they are virtually similar, being those of 
arterial degeneration, however caused. 

Adrenal Type .—Although Josu6 and others recognise a 
clearly defined adrenal syndrome, both the prodromic and late 
signs they describe may occur in the antolytio period as well. 
In cases of sustained exertion, aa in laborers, letter carriers, 
bicyclists, etc., the adrenal factor may be discerned to a certain 
extent. The blood-pressure is apt to be somewhat high, lbO 
mm. Hg or thereabout; the patient may complain of headache 
or rather of fullness about the brow and of'cramps in the calves 
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of the legs. He may be irritable or, conversely, exuberant, 
flushed and buoyant, "feeling like being on the go all the time/* 
as one patient expressed it. The pulse may be slow and full and 
the Heart beat, though normal, somewhat forcible. Epistaxis 
and conditions which the patient defines as nervousness, palpita¬ 
tions, sleeplessness, especially during the early mor ning hours, 
a nervous or hacking cough, asthenia or & “wheeling under the 
breast bone,** and often gastric disorders in which hyperelilor- 
hydria and pyrosis are prominent signs. In fact, it is usually 
for some gastric derangement with constipation or for muscular 
peine attributed to rheumatism that the patient presents himself. 

Such men may. In keeping with what ia observed In hypernephroma, 
ahow treat muscular development—sufficient in three patients wham I 
have seen to suggest larval acromegaly—and perspire very freely. Him 
may also ahow venous engorgement, venous pulse, facial congestion, all 
symptoms of hyperadrenla, all due to thickening of the arterial coats, 
especially of the muscular media. Conversely, they may appear pale, 
complain of cold extremities, and stood cold weather badly. This may 
be due to constriction of the peripheral arterioles, but ia all likelihood 
la due to the onset of organic lmiona. 

Such cases yield readily to measures calculated to reduce 
the functional activity of the adrenals. A lees arduous occupa¬ 
tion and abstention from meat, coffee, tea, and alcohol to lower 
the vascular tension often suffice. If the vascular tension is 
high, the conditions of the kidneys should be looked into. As 
a rule at this tune, these organs are found normal though some 
polyuria may be present. Spirit of nitrous ether may then be 
used in small doses three times daily to reduce the tension if it 
fails to recede after a few days, and also small doses of sodium 
bromide and chloral on retiring if the tendency to insomnia 
persists. 

The iodides at this stags an harmful. Bo are strychnine, digi¬ 
talis, and tonics In general, most of which stimulate the adrenals and 
aggravate the trouble. 

Autolytic Type .—Thin type may either begin with the 
symptoms described, where the causative poison is one acting 
slowly, as ia the case in the large proportion of patients in whom 
the disease is due to the excessive use of proteins, alcohol, coffee, 
etc., or may follow a febrile disease. Here, we are no longer 
dealing with erethism due merely to exaggerated metabolism, 
but with the symptoms of the damage the latter is doing or has 
done to the blood-vemols. In the overfed or overw o rked, aa pie- 



lfltW INTERNAL, SECRETIONS IN PATHOCENB8IB AND TREATMENT. 

viously stated, we witness the phenomena of stimulation— 
flushed face, brilliant eyes, with perhaps slight precordial pain 
after an unusually copious meal or unusual exertion, as running, 
climbing, etc., and general vivacity; but, it is important to note 
that thiB stage of primary exuberance corresponds with the 
febrile period of an infection, which may, though relatively very 
short, do as much damage to the blood-vessels as years of over¬ 
eating, hard labor, etc. The patient, after either of these pre¬ 
liminary periods, long or Bhort, passes into what is now mis¬ 
taken for and descrilied as such in most textbooks, the early 
manifestations of arteriosclerosis, but which are in reality those 
of its second stage. While in the first stage, the vessels are 
merely congested and more or less thickened or hypertrophied, 
thus causing the blood-pressure to be rather high, in this second 
stage organic lesions have already compromised their power to 
contract equality in all parts of the circulatory tree. This may 
affect one part of the latter more than another, or a morbid 
process may be awakened in one or more organs, the brain, cord, 
liver, kidneys; etc., according to the inherited or acquired sus¬ 
ceptibility of these structures. Then the syndrome usually 
compared to neurasthenia, which is really that of a debilitated 
circulation, begins to appear. Low of vigor, lassitude, or myas¬ 
thenia, drowsiness, postural vertigo, faintness; more or less 
marked visual disturbances, phobias, headache, dyspnea on exer¬ 
tion, transitory hemianopsia or amaurosis—the whole gamut 
with which the physician ia so familiar. 

Here again, jirophylactic measure*, a reduction of proteins 
—eliminating meat* and egg*—and any other harmful food the 
patient may be indulging in too freely are indicated. Acidosis 
is another feature that is harmful in these cases, which a 
vegetable diet, by supplying alkaline salts, tends to counteract 
and gradually to eliminate. Although the arteries are already 
damaged, the process of repair in them is very active, often by 
insular scleroses so disposed longitudinally as to restore the con¬ 
tractile activity of the vessels to a remarkable degree. 

Tt is not rational to give the iodides in these cases, the thy¬ 
roid secretion licing already laden with iodine in organic com¬ 
bination and taking part in tlie cellular destruction of the arte¬ 
rial walla 
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„ . -The «xn@rh»ea of Dr. I* Faug&nw Bi-hop coincide- with nine In 
thu paraaihr. In fact, he refers to patients who were rendered un¬ 
comfortable by the abuse of iodides and suggests the possibility of 
lodism superadded to the symptoms of the disease. This is precisely 
what happens when the iodides are added to the thyrolodliie with which 
the tissues are laden, the thyroid being already overactive. 

The indications are precisely the opposite; no remedies 
should be given until the toxic factor, whatever that may be, 
dietetic, intestinal, bacterial, etc., is first eliminated prophylae- 
tically. If after a couple of months, the patient dues not show 
the sense of well-being which usually follows well addressed 
prophylactic measures and still shows ueurasthenia-likc symp¬ 
toms, it is because metabolism and arterial degeneration is still 
proceeding, owing mainly to hyperplasia of the thyroid. Arsenic 
in small doses, say 3 minims of Fowler's solution three times a 
day, as shown by Mabille and confirmed by Kwald, Heinrich 
Stern, and others, will then gradually reduce the thyroid ere¬ 
thism. In cases showing actual liypcrthvroidia or larval 
Graves’s disease, ergotine or the voal tar {trodacts are helpful to 
counteract the vascular Bupply of both the thyroid and adrenals 
and thus inhibit their secretory activity. It should be remem¬ 
bered that rest is an important feature wherever cxulierant activ¬ 
ity of the ductless glauds is present. 

The iodides and digitalis —the latter an active adrenal 
stimulant, a fact in which several experimenters also sustained 
me—are particularly valuable late, when the thyroid and 

adrenals have been in a measure exhausted through the exces¬ 
sive activity that the original cause of the trouble, some toxemia, 
endogenous or exogenous, has imposed upon them. 

Denutrition Type. —When in the form just described ex¬ 
haustion of the adrenals and thyroid has occurred through the 
excessive activity imposed upon them by toxins, they have 
reached, from my viewpoint, the denutrition type, or the condi¬ 
tion that prevails in what has been termed the presenile or seni/e 
form of arteriosclerosis. In some persons, even those of frugal 
habits, this develops early liecause their ductless glands through 
inherited debility are unable to liear the least exacerbation of 
activity imposed upon them occasionally by even slight intercur- 
rent disorders, fatigue, emotions, shock, worry, the wear 
and tear of existence. Important also in connection herewith is 
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the influence of the diecasoa of children, particularly thos# at¬ 
tended by fever. Interstitial hemorrh&gea of both adrenals and 
thyroid sufficient to reduce considerably their functional effi¬ 
ciency cause lesions which in after life leave the organs on the 
very threshold of physiological activity. 

Though able to carry on Just the needs of commonplace 
they prove inadequate to meet the needs of any Intercurrent leans. Such 
people an very early the prey of intercurrent diseases, tuberculosis wad 
pneumonia In particular. They grow old early beca u se as the wear and 
tear of life Impinges upon their duetlees glands, denutrltlon pro g re sses . 
Including that of the arterial system. Premature involution of the thy¬ 
mus, as I have shown elsewhere, may initiate this denutrition type In the 
young. 

The treatment here is the opposite of that indicated in the 
foregoing forms. Organotherapy, provided thyroid and adrenal 
gland and any other organic product used is given in small 
dines, is of great value. The iodides also in small doses, digi¬ 
talis, and etrophanthue are exceedingly helpful. A reduced diet 
here is not indicated. Besides the thyroid and adrenal prepara¬ 
tions already mentioned, some pancreatic product should be 
added to facilitate intestinal digestion, sustain tissue life and 
contribute with the other organic products administered to the 
defensive resources of the organism. 

In some cases the persistence of a high degree of arterial 
tension demands prompt action. An indication of this is insom¬ 
nia, due to cerebral hyperemia—a condition which, in itself, 
entails the danger of cerebral haemorrhage. The sensibility of 
the vascular centers must then be reduced artificially. Nitro¬ 
glycerin is the beat remedy for this purpose, Vim gnin to Vw 
grain (0.00054 to 0.001 gm.) being taken at bedtime end kept 
up a week, unless headache or nausea supervene. When it loses 
its effects, the other nitrites may be tried. The bromides or 
chloral hydrate, or better combined, giving 10 grains (0.6 gm.) 
on retiring, may be used aa substitutes. The bromidee alone in 
20-grain (1.8 gm.) dotes, as needed, are very efficacious when 
a high blood-pressure and headache point to the p re s en ce of con¬ 
siderable cerebral hyperemia.* 

J. M. Aadertf* states that sphygmogmphls tracings i n dica te the 
vasodilator effects of nitroglycerin in artertoeelerosiB uq that the drag 
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la Indicated and moat affaetive In early aaaaa wlm there la a marked 
Inmate la the arterial preaauze and the heart la hypertrophied. H. J. 
Campbell" holds that when the heart la hypertrophied and its muscle 
frngimH-g to fall, the mala Indication la undoubtedly to aava the work 
of the heart as modi aa poaalble. The regular administration of small 
doses of nltroglyeerin la benefic ial; but massage sad restricted mows* 
manta are strongly ooatraladloatad, as is also the use of digitalis, 
strychnine or other heart tonice. Attention to the bowels, aa in all 
aaaaa of eardloarterial disease, Is of the first importance. The value of 
the bromides In such conditions 1 have been able to appreciate. 

When Been late, however, the hypertrophied heart may 
show evidences of degeneration, especially of the right ventricle. 
Here the judicious use of digitalis becomes necessary, provided 
the arterial tension be normal or subnormal, which is often the 
case when the disease is advanced. Digitalin, '/„ grain (0.0065 
gm.) twice daily, ie effective under these conditions. If the ten¬ 
sion rises, nitroglycerin , sodium nitrite or ergthrol tetmnitrate 
may be used to counteract this effect. 

* The use of digitalis and the nitrites was Introduced by 

Huchard and has been advocated by Balfour, DaOosta and others, but 
it must be resorted to with circumspection. Aged patients seldom bear 
digitalis well. Delancey Rochester” contends that it is always’ a dan¬ 
gerous drug in arteriosclerosis. CombemsJe™ states that in the last 
atagre of arteriosclerosis, digitalis and digitalin or sparteine are the 
only resources we have left to produce even a palliative effect. 

ANGINA PECTORIS. 

Synonyms.— Stenocardia; Breast-pang. 

Definition.—A paroxysmal disorder of the heart the char¬ 
acteristic symptom of which, Bcvere pain in and around thin 
organ, is due to an excessive and violent influx of arterial blood 
into the myocardium and its nervous elements. This flooding 
of the cardiac muscle is due, in turn, to inability of the coronary 
arteries, when atheromatous, to contract sufficiently under the 
inflimnno of their vasomotor nerves to prevent it when the blood- 
preesure of the body at large becomes high, owing to tiie pres¬ 
ence, in the blood, of waste-products in sufficient quantities to 
excite the vasomotor center.* 

Symptoms.—The most prominent symptom, pain, may be 
excruciating and cornea on suddenly, often after mental excite¬ 
ment, a copious meal, exposure, a muscular effort, etc. It be- 
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gins behind tils sternum or In the heart, this organ feeling as 
if violently constricted, compressed or Btalibcd, and extends into 
the neck, the bock, the shoulden, down the inner aspect of the 
left arm, often to the wrists and finger-tips. In some cases the 
pain is even more diffuse, radiating to the head and both shoul¬ 
ders, the trunk and lower extremities, and may be followed by 
anesthesia of the left hand or arm, preceded by tingling. The 
face may lie pale—ashen-gray rather—or flushed, and is usually 
covered with sweat. The features betray the intense agony to 
which tho patient is subjected and fear of impending death. 
The cardiac action is often regular, but in some cases the gallop 
rhythm occurs or the action is turbulent and irregular, then 
weak and distant. The pulse varies considerably, being at one 
time Blow and tense, then faBt. and finally irregular and even 
imperceptible, to recover again and resumo its normal action. 
Often, however,'the pulse shows but little, if any, change. Dys¬ 
pnoea, strictly Bpeaking, is seldom present, but the respiration is 
shallow, a deep breath being taken at intervals. In the excep¬ 
tions, however, typical asthma may be present, including the 
piping rftles during expiration. Consciousness is seldom lost 
except in the final attack. In favorable cases the pain may cease 
as abruptly as it began, gaseous eructations and a copious flow 
of urine marking the mid of the attack. 

In most cases, the disease begins insidiously, the attacks 
being at first slight and occurring at long intervals. Gradually, 
however, they become more severe and appear more frequently 
until death occurs—not always in the midst of a paroxysm, but 
suddenly and without warning. In other cases the attacks fol¬ 
low one another in rapid succession; in a third group death 
occurs during the first paroxysm. 

Fathofpnesis.—The primary cause of angina pectoris is an 
organic lesion of the coronary arteries. It is not, however, as 
now believed, due to obstruction or stenosis of these vessels, but, 
on the contrary, to their inability to respond to the constrictor 
impulses of the vasomotor nerves distributed to them, and 
through which the volume of blood supplied to the heart-wall 
is regulated.* 
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As I have pointed out elsewhere," the physiological rflle of the van- 
motor and sympathetic network supplied to the coronaries and tlieir 
Jiranehea is that fulfilled by these nerves elsewhere, vis., to constrict 
their muscular layer and tfius reduce to its proper limits the volume 
of blood supplied to the heart walls. Organtu changes must necessarily 
inhibit this function. That the coronaries are the seat of such lesions 
in this disease is familiar to every one. HiichardV 1 summary of 140 
autopsies shows that in OH instances lliere were lesion* of both eoron- 
-arlea, and in the 128 of the total in which the presence of such lesions 
is specified, 121 were atheroinaUnts. That in the remaining few, I pm ions 
capable of interfering with the nervous functions of the vessels are 
present, though not advanced sufficiently to Is* discernible, is probable. 
Osier* 1 states that “anatomically it has la-cn shown that lesions of 
the coronaries are almost invariably present." 

Tills involves the necessity of showing that angina pectoris can 
occur when the coronaries are patent. Jenner," for example, to whom 
we owe the discovery that these vessels are diseased in this disease, did 
not find obstruction in the eases lie examined |s»st-iiiortein; in the one 
“the coronary appeared thickened:" in the other, the vessel itself was 
“discovered to be n kind of firm, fleshy tills'." Osier." who quote* these 
observations, states that the roronury arteries of .lolin llunter, who died 
of angina pectoris, “were found to lie converted into u|s*n Isiny till***." 
In a case reported by lievcrlcy Robinson" in which there was “terrific 
suffering,” the coronaries, “although uniformity affected by arterio¬ 
sclerosis, were of large caliber and patent throughout, except near the 
and of a small branch,” a fact which shows that the ease “was not due" 
to “localised sclerosis and obstruction to the lumen of Hu* coronary 
arteries." Other examples of this kind an* available in literature. 

Conversely, the coronaries may la* diseased, narrowed, obstructed 
and even destroyed in part without giving rise to angina pectoris. 
Auscher" found the coronaries almost occluded liy atheromatous plaques. 
In numerous autopsies of old people who had never suffered from the 
disease, and he refers to Pilliet, who confirmed liis nliservations, and 
found a large number of obstructed arteries which had never caused 
angina. Tison" reported two instances in which, though the coronaries 
were atheromatous, calcified and rigid, with great narrowing of lumen, 
being scarcely permeable in one ease, angina had never appeared. 
Osier" refers to a case in which, although no sign of the disease had 
occurred, the left coronary was “almost obliterated, only a pin-point 
channel remaining," while the main division of the right artery “was 
converted into a fibroid cord.” 

Much confusion prevails, in my opinion, owing to erroneous Inter¬ 
pretation of post-mortem findings. That various sulistanre* found in 
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life is shown by the post-mortem formation of myosin. That the cor¬ 
onaries and their branches are often found obstructed by substances 
which during life freely circulated through them is therefore probable. 
This relegates to fibrosis and calcareous degeneration the main rftle as 
sources of obstruction, end wo have just seen that they may exist with¬ 
out causing the disease. That life ean continue even to old age not- 
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withstanding, shows that the remaining vessels, though strained' pew 
ha pa, auffloe to nouriah the heart-wall. It la only when, aa I feStarpret 
the process, their walla become diaeaaed sufficiently to respond no laager 
to the controlling impulaea of their vasomotor ay?:'pathetic mma-a# 1 
the blood can without restraint flood the myocardium® that the angtnom 
attacka can occur. 

When from any cause general vasoconstriction ocean and 
the blood-pressure in the body at large is raised beyond a cer¬ 
tain limit, an unuBual volume of arterial blood—varying in each 
case with the degree of control to which the coronaries are still 
subjected—is forced into the myocardium.* The myocardial 
vessels being thus inordinately dilated, and the vis a ter go* 
motion of the blood being unusually violent, a forceful and 
mechanical hypenemia of the nervi nervorum and neurilemma 
of the multitude of nerves and ganglia which the heart-walls 
contain is caused.* This evokes the primary stage of neuritis 
in the cardiac structures,* and, therefore, local neuralgia. 


Nothnagel, aa la well known, ascribed a form of angina which he 
termed "Angina Pectoris Vuo-motorin'* to vasomotor apaam, and the 
pain to the sudden Increase of blood-pressure and strain Imposed upon 
the heart. Suggestive in the present connection is hia observation that 
the increase of vascular tension preceded the attack. William Russell"' 
reached a similar conclusion. In the four cases reported the pulse in¬ 
variably indicated the advent of an attack by-becoming hypertonic; and 
relaxation took place when the attack ceased. In a case reported by 
Dodd 1 * sphygmographlo tracings taken by Lauder Brunton showed a 
high blood-pressure during the height of the attack and a lowered pres¬ 
sure during the inhalation of amyl nitrite, which, aa first shown by 
Brunton, relieves the attack. These observations are confirmed by those 
of Fraenkel,"*' who states that, although the pulse may be but slightly 
or not at all affected, the blood-pressure is always raised; this author 
refers to Pal as having also found the blood-pressure elevated during the 
paroxysm. O. A. Gibson" ascertained that the rise was very marked, 
varying from 160 mm. to 170 mm. Hg. 

The cardiac pain, as I interpret it in the text, is readily accounted 
for by the innervation of the heart-walla Osier, referring to Berke¬ 
ley’s" histological study of the myocardium, states that “ e ver y w h ere 
throughout the «;gan—in the tissue beneath the endocardium and peri¬ 
cardium, through the muscle subetance and about the blood-veeaels—the 
nerves are In extraordinary profusion," Including sensory nerve-endings 
demonstrated in the urterin by Thoms, and in the connective tissues by 
Smirnow." True, as Osier says, "the moat extensive lesions, inflamma¬ 
tory, degenerative and neoplastic, may not excite a single painful sensa¬ 
tion. Pericarditis of the most intense grade, with deep involvement of 
the myocardium, may give not the slightest Indication of Its existence." 
This only proves, however, that an additional factor la necessary In thla 
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ssuMWBi that which I have shown to be the eourne of neuralgic pain 
■tantayi*., hype rem ia of the nerve-sheath iteeif. Indeed, Laneer- 
eanx aad Peter" round in eeveraL ceeee dUtinct evidence of neuritis in 
tljr—rne of the cardiac plexus, a fact confirmed by Gilbert and Qar- 
plcr." J^adnnee, Hope," Trousseau" and other authorities regarded 
,«*»<. « . Wjgta. 

When the coronaries are sufficiently diseased to render the 
tfeyelopmant of an attack possible, the presence in the blood of 
..any substance capable of stimulating the vasomotor center suffi¬ 
ciently can provoke an attack.* Normal physiological wastes, 
such as those that follow the ingestion of food, suffice, in ad¬ 
vanced cases, to cause a paroxysm, especially when the kidneys 
wre at all diseased. In the majority of cases, however, there is 
a history of gout, syphilis, influenza, malaria, scurvy or other 
disease of a debilitating character, and which, therefore, entail, 
especially after middle-life, hypocatabolism and its consequences, 
the formation of toxic wastes and acidosis. These conditions 
tend not only to cause an elevation of the blood-pressure, but 
sudden exacerbations of the same after dietetic indiscretions, 
exposure, etc. Worry, grief, shock, excessive drinking, smok¬ 
ing, venery, etc., also prepare the ground for angina pectoris by 
debilitating the organism and'slowing all metabolic processes.* 
fits of anger and overexertion, by suddenly causing the appear¬ 
ance in the blood of an unusual proportion of waste-products, 
likewise cause a sudden rise of blood-pressure* which, in fact, 
may cause instant death. In some cases the general vasomotor 
center finally becomes oversensitive, when the least physical 
effort, palpation, etc., will provoke a paroxysm. 

Gilbert and Garnier" contend that all cases of angina pectoris are 
of toxio origin due to uremia. Zilgren" observed four cases following 
a febrile tonsillitis, and ascribes the disease to toxic materials derived 
from the tonsils. Curtin and Watson, 1 " for example, o b ser v e d a large 
number of cases after an epidemic of the last-named disease. Gatineau 1 " 
o b serv ed many cases among sailors previously debilitated by scurvy. 
Excitement such as that of quarreling also provokes a rise of the blood- 
pressure, as shown by a case reports! by Heineman.*" Russell, 1 " more¬ 
over, emphasises the fact that in arteriosclerosis the vessels "are prone 
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, to bMont hyp e rtonic from causes which nn commonly wmnhd u 
■ trifling," and cites Fnl's opinion to the same effect. Buscell, moreover, 
states that “hypersensitiveness of the vasomotor center will explain what 
has long been recognised—that paroxysms of angina have as theiT main 
determining cause physical effort, mental emotion, or digestive disturb- 
yauees”—a very judicious conclusion, but applicable only, as X specify in 
the test, to certain advanced cases. As I interpret this question, the 
vasomotor Center is normal, as a rule, and only mcsm hypergsn&ltive 
when the blood contains substances which unduly stimulate It during a 
prolonged period. 

The excruciating retrosternal pain is not due to the neural 
hyperemia of the myocardium, but to forcible expansion of the 
aorta immediately above the heart.* This portion of the vas¬ 
cular system is not only subjected to the stress which the resist¬ 
ance of the abnormally constricted arteries, of the entire body 
imposes upon it, but also to unusually powerful contractions of 
the cardiac muscle, whose activity is greatly enhanced by exces¬ 
sive volume of arterial blood circulating through it.* 

Osier 1 * says in this connection: “Baumes ranked the disease as 
a retrosternal neuralgia (steraalgia). Iaflnneo gave it his strong sup¬ 
port and held that cither the pneumogastric or sympathetic division of 
the cardiac nerves might be implicate , and with either of them the 
brachial plexus.” Corrigan, Romberg, Bamberger and others held the 
same opinion. Allbutt, 1 * recalling that the most acute pain is retro¬ 
sternal, above the heart and on a level with the aorta, and, moreover, 
that aortitis gives rise to pain which re se m bles that of angina pectoris, 
considers the aorta as the only seat of pain. That his conclusion la 
warranted, in so far however as to the aorta being a seat of pain, la 
suggested by the self-evident explanation of it that my conception of 
the morbid process, as a whole, affords. 

Treatment. —Measubkb which Arhkst the Paroxysms.-— 
The paroxysm being due to the presence of an excess of blood 
in the myocardium and violent expansion of the aorta,* onr aim 
should be to deplete these structures. Amyl nitrite , by causing 
dilation of all arterioles of the body, and, in large doses, depres¬ 
sion of the .vasomotor center beside!, and therefore retrocession 
of the blood in the great splanchnic area, fulfills this object.* 
The volume of blood being reduced in the cardiac area, the 
myocardiac and aortic tension cease,* and the pain likewise, 
almost at once when a few drops of this drug are inhaled. 
Nitroglycerin acts in the same way, though not so promptly, 
but its effects are much more lasting, the blood-vessels remain¬ 
ing dilated half-an-hour or hour, or longer after an injection- of 
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Vim gnin (0.00065 gnu). Tliis may be repeated aa required 
to sustain the effect. When these agents cannot be readily ob- 
' tained, two teaspoonfuls of sweet spirit of nitre in a winegl**?- 
fql of water will afford relief while they are being procured. 

The suffering may also be controlled with drugs capable of 
dulling sensibility of the heart-muscle, by causing constriction 
of its arterioles—including those that supply nerve elements— 
through their stimulating influence on the sympathetic center.* 
Morphine, y 4 grain (0.016 gm.) administered hypodermically, 
is very efficacious in this connection, when the lesions of the 
coronaries and its branches are not too far advanced, or the 
arterial tension in the cardiac area is not too great. The beat 
results are obtained by giving it immediately after tlic amyl 
nitrite inhalations.* The effects of both drugs are thus insured 
and prolonged.* 

This Is accounted for by the fact that the drugs aid each other: 
amyl nitrite depletes the cardiac ana, while morphine contracts the 
arterioles.* Much the same effect is produced by Waugh’s method.*" 
This clinician gives a granule of ’/■ grain (0.00088 gm.) of glonoin 
every minute until relief ensues and the face flushes; he then deepens 
and prolongs the effect by giving atropine—which also contracts the 
arterioles*—’/■. grain (0.00086 gm.) every ten .minutes till the mouth 
begins to become dry. It has often been noticed that morphine even in 
very large doses fans to produce any effect; the cause of this is self- 
evident when centrifugal distension of the cardiac and aortic vessels— 
in accord with my Interpretation—is considered as the underlying cause 
of the pain. 

Measures which Prevent the Paroxysms. —The con¬ 
tinuous use of morphine, belladonna, the coal-tar products and 
other agents which stimulate the sympathetic center is not advis¬ 
able. This center rapidly weakens under prolonged stimulation 
and the patient’s general condition is aggravated.* Agents 
which depress the vasomotor center are preferable, their benumb¬ 
ing effect on the latter preventing the sudden elevations of the 
blood-pressure which evoke the accesses.* Sodium bromide, 20 
grains (1.3 gms.), alternating with chloral hydrate, 15 grains 
(1 gm.), or tincture of veratrum viride, 15 minims (1905 U. S. 
P.) (0.9 oe.) given once daily, repeated if need be, efficiently 
protects the patient against attacks.* Nitroglycerin may be 
given in */ 1M grain (0.00065 gm.) doses three times daily. 
Sodium nitrite, 2 to 6 'grains (0.13 to 0.3 gm.), may be used as 
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'a substitute when nitroglycerin begins to loao its effect; Ery- 
throl tetranitrate in 1-grain (0.065 gm.) doses four times daily 
has been highly recommended. All these agents are vasomotor' 
depressants. 

Nitroglycerin Is a useful agent in this connection. William Mur¬ 
rell*** states that the best results are obtained when the spirits of glo- 
noin are used. His preferred formula is:— 

B Splritus Glonoini (B. P.) f 

Alritus Chloroform!, aa, */■ drachm (2 gins.). 

Tinot, Capsid, 1 drachm (4 gms.). 

Aq. month. pip., ad 1 ounce (30 gm.). 

A teaapoonful every four hours, an extra dose being *sfr*n imme¬ 
diately on the onset erf the attack. 

He advises that this be a stock bottle from which should be replen¬ 
ished three or four small bottles containing a drachm each, which can 
be carried in the vest-pocket for immediate use when needed. Krythrol 
tetranitrate has been recommended by J. B. Bradbury,*** Adam, 1 ** 
Bough ton Addy m and others. Huehard*** deems it capable of maintain¬ 
ing continuously the vascular tension close to its physiological limits. 

The attacks may be reduced and even prevented by dietetic 
measures, the most important of which is to limit the amount 
of food taken and to abstain from the use of meat, the catabolic 
products of which are especially active as vasomotor stimulants.* 
Late suppers are particularly harmful, and even dangerous. A 
milk diet of two weeks’ duration, aided by one of the nitrites, is 
very efficacious, even in severe cases. The limited diet is suffi¬ 
cient in some instances to avert paroxysms, provided worry, vio¬ 
lent exertion, and other exciting causes can be avoided. 

Huehard 11 * states that angina with endocarditis is relieved by an 
exclusive milk diet and theobromin for two weeks, then -one week each 
month with sodium iodide. During the rest of the month a restricted 
diet is allowed. Osier regards the diet in many oas e s as “the central 
point in the treatment.” Russell emphasises the close relationship be¬ 
tween an injudicious diet and a high vascular tension and adduces-p 

proving this contention. 

The progress of the disease may often be stayed by the ubb 
of potassium or sodium iodide , 5 grains (Oil gm.), gradually 
increased to 10 grains (0.6 gm.) after meals, after the patient 
has been on the restricted diet two or three weeks. Thyroid 
gland , 1 grain (0.06 gm.) three times daily, is also useful.* 
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By stimulating the adrenal center, catabolism is «nh*n <wd and 
toxic wastes do not form. The nutrition of the arteries being 
gradually improved, the primary morbid process, arterial degen¬ 
eration, is antagonized. An important feature of the treatment 
is to avoid constipation and intestinal autointoxication. An 
occasional saline purgative suffices for this purpose. 

Strychnine and digitalis are casually mentioned by some 
authors. Strychnine, being a vasomotor excitant, predisposes to 
attacks, while digitalis by enhancing the rigor of the heart’s con¬ 
tractions may aggravate the attacks—a fact sustained by clinical 
observation. I regard these drugs as harmful as long as par¬ 
oxysms are likely to occur. 

CEREBRAL HAEMORRHAGE. 

Synonyms. — Apoplexy; Cerebral Apoplexy. 

Definition.—An effusion of blood in the brain due, in the 
majority of (idiopathic) cases, to rupture of an atheromatous 
artery, and the exciting cause of which is an unusually high 
blood-pressure. The pathogenesis is that of arteriosclerosis, in¬ 
cluding the rdle of the adrenal system in this disease.* 

Symptoms.— Prodromal symptoms occasionally occur: head¬ 
ache or a sensation of fullness in the head, vertigo, tinnitus, 
excitability, abnormal sensations on one side of the body, espe¬ 
cially the extremities, such as tingling, numbness and choreic 
movements. 

The apoplectic stroke itself may be preceded by slight ver¬ 
tigo, slight aphasia and unilateral weakness, and paralysis of a 
leg or arm; but often without any such symptoms the patient 
drops suddenly, and, occasionally, after a few convulsive move¬ 
ments, becomes comatose. The face is dusky and even cyanotic, 
though sometimes pale, the pulse slow and relatively strong, full 
and tense; the breathing slow and stertorous, and often of the 
Cheyne-Stokes type, the cheeks being blown out on one side and 
tiie lips being flabby, owing to paralysis of the muscles of these 
structures. In ingravescent apoplexy the symptoms come on 
gradually, in keeping with the slow progress of the effusion. 

In some—usually very severe—cases the face becomes very 
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pale of livid, the pulse and heart beat feebly, all muscles relax, 
and the patient may die after being comatose a short time, or 
he may remain unconscious some time, recover somewhat, and 
die in the midst of a second seizure; or again, he may improve 
and follow the course of a less severe case. 

The peripheral effects of the cerebral lesion then become 
manifest, one side of the body, including the facial and ocular 
muscles (the eyes being turned toward the side of the lesion), 
being as though paralyzed. The cutaneous reflexes may be 
elicited by vigorous stimulation, pinching, pricking, etc., but, as 
a rule, all the reflexes are abolished at first on the affected side, 
and often on the normal side as well. The pupils are often 
unequal in size, contracted at times and dilated at others, and 
respond slowly or not at all to light. The feces and urine are 
usually passed involuntarily. There is often polyuria, the urine 
often containing sugar and albumin. 

The period of reaction is initiated by fever, the tempera¬ 
ture, one or two degrees F. below normal after the onset of 
attack, now rising to 101° F. (38.3° C.), or even to 103° F. 
(39.4° C.). After a period varying from a few hours to sev¬ 
eral days, the patient recovers from the coma, more or less dazed, 
restless or even delirious, especially if the fever is marked. 

The paralyzed muscles may now become temporarily rigid 
and even spastic, but ultimately the loss of power again becomes 
manifest, affecting all the muscles of one Bide, though differ¬ 
ences in degree of paralysis exist between the arm and leg; or 
between the face and extremities,—the leg escaping, for in¬ 
stance, while both the face and arm are paralyzed, etc. The 
cheek and lips of the corresponding side remain relaxed, as they 
were during the comatose period; the tongue, when protruded, 
is pointed toward the paralyzed side, and the loss of function of 
one-half of its muscles causes speech to be' thick and almost 
unintelligible. The sphincter muscles may preserve their activ¬ 
ity, however, at least for a time, and the reflexes, abolished at 
first on both sides, may now return, and also, after some time, 
on the paralyzed aide, where they ultimately become exaggerated, 
though the electric reactions show no change. 

The period of resolution begins when the paralytic phe¬ 
nomena draw improvement, especially in the mnadea of the leg. 
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As it is the extensors which recover their contractility, the Hw»b 
remains stiff, and when the patient is able to walk, the leg is 
swung around in a semicircle at each step, the toes scraping the 
ground. This gives the patient the characteristic gait. It is 
regarded as an unfavorable omen when the arm is the first to 
improve. What improvement occurs in this extremity is in the 
flexors and pronators, the arm being thus drawn dose to the body 
with the wrist flexed, the forearm semi-pmnated and the fingers 
closed over the flexed thumb. 

An important feature of this stage is that passive motion 
is readily performed. The paralyzed muscles are structurally 
normal, but being of the yoluntary type they are not used and, 
failing to be nourished, become rigid, tend to contract and to 
remain fixed in this condition—the “contractures” so commonly 
observed in this disease. When this has occurred passive motion 
is no longer possible. Symptoms due to impaired nutrition arc 
often discernible in other structures, the skin of the arms, for 
example, which may become red and lustrous and cold. The 
readiness with which extensive sloughing occurs on the para¬ 
lyzed side in bed-ridden patients also points to impairment of 
the nutritional functions. Complete paralysis, even of the arin, 
does not always occur, however; aftor a few months in some 
cases, the use of the fingers, hand, forearm and arm is gradually 
and progressively regained. 

The term "resolution” I apply to this period seem* irrelevant when 
the frequency with which paralyele folSowit a stroke of cerebral luemor- 
rhage ii taken into account. Yet, In the light of my view it, as will be 
shown under "Treatment,” such an untoward result is probably avoid¬ 
able, and auch being the ease, "resolution" becomes applicable. 

The symptomatology of the stroke itself varies considerably 
as to intensity in different cases, and the ultimate result corre¬ 
sponds, in a measure, with the severity of the primacy phe¬ 
nomena. Among the favorable eigne are: a brief duration of 
■the coma; motion, even though alight, of the paralysed limb 
during the first twenty-four hours; a moderate rise of tempera¬ 
ture when reaction occurs (102° F., 38.0° C.), and re str icted 
paralysis, brachi-crural, facio-brachial, etc. The unfavorable 
eigne are: prolongation of the coma beyond twenty-four hours; 
marked hypothermia; initial convu'sions; profuse sweating; 
cyanosis; conjugate deviation of the eyes; a steady rise of tbs 
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iemperatare to 104° or 10 6° F. (40° or 40.5° C.) when reac¬ 
tion occurs, with marked intensification of the knee-jerk and 
bilateral paralysis. 

William Browning*” state* that in children the chances of partial 
noovery are good; that in adults the recovery depends upon the sev¬ 
erity of the apoplectic attack; and that in old age, when the arteries are 
tortuous or calcified, but limited recovery is to be expected. Barrs’" 
concludes that If either renal disease, Cheyne-Stokes respiration or 
hyperpyrexia be present, the patient will probably not recover. 

Pathogenesis end Pathology. —Whether we ascribe the rup¬ 
ture of the artery to miliary aneurisms, to endarteritis, to the 
so-called “fatty -erosion” or to “diffuse degeneration,” we are 
always brought back in cerebral haemorrhages that are not due 
to traumatism or to an acute infection, leukaemia, etc., to a com¬ 
mon cause: arteriosclerosis, the lesions being similar to those 
of that disease (q.v.). The multiple causes of arteriosclerosis: 
overeating (gout), alcohol, syphilis, senility, excessive exertion, 
excitement, starvation, lead, etc., are likewise those of arterio¬ 
sclerosis. This applies as well to the renal lesions of this dis¬ 
ease. On the whole, the relations of cerebral haemorrhage to 
the adrenal system are those of the latter to arteriosclerosis.* 

The reader ie referred to the article on Arteriosclerosis for the 
details of the pro ce ss. Whittaker”* writes in this connection: “In all 
eases the process depends upon arteriosclerosis, which runs a slow and 
Insidious course for months and years, and usually eludes all discovery. 
The catastrophe Is sudden, hut the disease process which leads up to It 
is very slow. Alton Starr,'" in a study of 200 ca s e s of apoplexy, found 
that 80 per cent, presented prodromal symptoms which he warded as 
probably due to arteriosclerosis. Broadbent,”* in a study oithe vas¬ 
cular changes in 16 e a ses , found senile degeneration of the vessels in 
2, while 7 were associated with granular kidney, and 7 with a type of 
kidney in which the main changes were thickening and hyaline degen¬ 
eration of the vascular fntima. The cerebral vessels were dilated, 
thinned and hyaline or studded with white patches, which, on mlcro- 
■cojde examination, were found to consist of localised thickening and 
degeneration of the subendothelial tissues, over which the muscular 
eoat, thin and atrophied in some instances, could not, as a rule, be 
traced. These are, we have seen, precisely the lesions found in the 
arteries of the body at large In arteriosclerosis. Stein”* observed the 
loss of elasticity, and states that miliary aneurisms are far leas 
frequent than is generally believed, the lesion fading atheromatous. 
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Unfortunately the phenomena which make it possible to 
recognise the presence of arteriosclerosis, hardening of the radial 
and temporal arteries, the arcus senilis, etc., are not always pre¬ 
sent. The arterial lesion being present, coughing, sneezing, 
straining, etc., may suddenly increase the general vascular ten¬ 
sion and cause rupture of the vessel, a mass of blood varying in 
size from that of a small cherry to that of an orange or more 
being suddenly projected under a pressure varying from 100 to 
200 mm. Hg. upon the brain. As it coagulates at once, it forms 
a relatively dense body which may forcibly compress or disin¬ 
tegrate more or less the brain-substance, and as this substance is 
not renewed in the latter case, permanent lesions remain. The 
“stroke” is the result of shock, which reacts upon the entire 
cerebrospinal system, while the loss of consciousness is due to 
the suddenly-induced cerebral anaemia. 

The haemorrhage is derived either from a meningeal or cen¬ 
tral artery, but rupture of a meningeal branch is often due to 
traumatism. In most cases it occurs within the field of the cen¬ 
tral branches of the circle of Willis rather than in the cortical 
branches of this circle. The branches of the middle cerebral 
artery, which penetrates the brain by way of the anterior per¬ 
forated space, are especially prone to rupture; this applies par¬ 
ticularly to a branch that passes to the internal capsule and the 
lenticular nucleus and which has been named by Charcot the 
artery of "cerebral haemorrhage.” 

Though any portion of the brain may become the Beat of 
the hemorrhage, certain regions suffer more frequently than 
others. The principal among these are, in the order of dimin¬ 
ishing frequency: the internal capsule, the corpora striata, the 
fhalami optici, the corona radiate, the convolutions and the pons 
Varolii. 

The pressure in the centre! vess e ls Is very gnat, owing to their 
proximity to the greet channels, the carotids. Hence the predisposing 
influence of a short neck, especially in massive, full-blooded Individuals. 
Stein 11 * showed that the pressure of the blood projected Into the cerebral 
tissues was 100 to 800 mm. Hg. The destructive action becomes obvious 
lu view of the fact that the same tissues under normal conditions are 
subjected to a pressure of only 10 mm. Hg. Baudot** reported a ease 
In which th r ee fourths of the right hemisphere was destroyed. Nor- 
buiy* emphasised the importance of the great pressure in the basilar 
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arteries u well as in the median cerebral arteries and the thjnnsaa of 
the walla of the cerebral vessels which prediapoae the m , when they are 
the aeat of atheromatous or miliary aneurisms, to hroorrhage. Zapin- 
sky** la 15 autopsies found degenerative lesions in the vesse l s of the 
base in every instance, the atheromatous plates being sufficiently marked 
to be seen with the naked eye. 

Treatment. —Measures to Prevent tub Development of 
an Attack. —In some cases some of the prodromal symptoms, 
slight thickness of speech, torpor, or numbness of an extremity, 
headache, vertigo, fullness in the head, etc., occur several days 
before an attack. When there is any evidence or likelihood of 
arteriosclerosis, measures should at once be instituted to pre¬ 
vent the stroke. If the arterial tension is high, the pulse tense 
and hard, an attack may occur at any moment; agents which 
cause immediate relaxation of the vessels by obtunding directly 
the vasomotor centers* are necessary. Among these are nitro¬ 
glycerin, which acta on the pulse in two minutes, and the effects 
of which have entirely passed off in three hours; sodium nitrite, 
tho action of which shows itself in about five minutes and lasts 
the same length of time; erythrol tetranitrate, in the solid form, 
nets in from twenty to thirty minutes, and its effects continue 
from seven to eight hours. To thwart'the attack, therefore, 
either of the two first agents should be given every two houro 
and the third every Bix hours. An immediate result may be 
obtained with amyl nitrite, 5 drops, inhaled from a handker¬ 
chief; or a slight degree of help may be derived from sweet 
spirits of niter, two teaspoonfuls in a little water, pending the 
arrival of a stronger vasodilator. 

The period of onset and the duration of the effects of nitroglycerin 
are thoae given by C. R. Marshall, 11 * those of sodium nitrite by Leech,™ 
and those of erythrol trinitrate by Bradbury,™ both cited by Marshall. 

Important in this connection is the avoidance of any effort 
or excitement and of agents which tend to stimulate the patient 
and canro a rise of the blood-pressure: stimulants, emetics, digi¬ 
talis and Btrychnine are particularly harmful in this connection. 
Strophanthus and potassium iodide, casually mentioned by some 
authors among the useful drugs, are also contraindicated in 
threatened apoplexy. Saline injections may also prove harmful 
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by increasing the body fluids and the blood-pressure. The 
bowels should be kept free, to avoid autointoxication. 

As attacks sometimes come on at night owing to the recum¬ 
bent position, vasomotor depressants should be taken on retir¬ 
ing. To those mentioned may be added sodium or potassium 
bromide , chloral hydrate and reratrum viride. These three 
agents may be advantageously combined. 

The patient’s diet should be light, and coffee, tea. and other 
stimulating beverages should l>c dispensed with. 

Preston’*' rightly holds that more could be done in the prodromal 
stage it this condition were carefully studied. 

. Measures to Prevent Extension of tiir Cerebral 
Lesions During the Attack. —After the first nflMfcr of blood, 
the hsmorrhage almost always continues some tiine^md if steps 
be taken to decrease the cerebral blood-supply, the extension of 
the lesions may be, to a certain extent, curtailed, provided the 
patient be seen sufficiently early. 

The patient is usually found lying on his hack; his trunk 
and head should lie gently raised until he is in a semi recumbent 
posture; the back and head being supported by the back of on 
overturned chair, made comfortable with pillows if these arc 
available. If the face is dusky or cyanotic and the pulse is hard, 
incompressible, inhalations of amyl nitrite, 6 to H drops or more, 
should be resorted to, the handkerchief upon which the drug is 
poured being held in front of the patient’s mouth and nose. 
This causes immediate relaxation of all arteries and the patient 
is bled, as it were, into the large trunks of the splanchnic area. 
In the meantime, the necessary preparations for venesection hav¬ 
ing been made, the patient should lie bled. The brain is thua 
relieved instantly by the drag, and kept in that condition by the 
bleeding; the destructive process is thus necessarily counter¬ 
acted. To prevent recurrence of the high vascular tension vera¬ 
trum viride, 10 drops or more, if need be, of the tincture (1905 
IT. S. P.), should be given every two hours. 

Browning”* writes in this connection: “Roma cooes ore promptly 
fatal, meningeal and ventricular forma bring usually of this kina. 
Nearly always, however, the effusion progresses for some time. It is 
here that the physician can be of great service.** Rome clinicians hav¬ 
ing advocated the recumbent position, Heidcnhain”" refers to several 
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Imtwiw In which the placing of thie position had been followed imme¬ 
diately fay aggravation. Osier, Tyaon, Bnunwell”* and others all rec¬ 
ommend venesection, the latter stating that it is contraindicated when 
the pulse is feeble, rapid or irregular, the heart dilated and weak, and 
the patient very old and debilitated. As illustrated by a ease reported 
fay Denham,”* it tends furthermore to arrest convulsions, which, owing 
to the Intense vascular tension accompanying them, must Increase 
greatly the cer ebr a l effusion. The value of the measures outlined above 
are further suggested by the fact emphasised by Grasset 1 ” that "what¬ 
ever may btf the pathogenic theory regarding apoplexy, it |s cesentiaUy 
char acterised fay a congestive condition of the need and by circulatory 
erethism." 

A purgative aide the- remedial process by further depleting 
the vascular system. By causing, moreover, congestion of the 
intes t inal vessels, it acts aa a derivative besides insuring the 
eliminatio^^A substances capable of causing autointoxication: 
Two dn^lPrion oil mixed with a little glycerin or olive oil, 
dropped on the back of the tongue, or x / 4 grain (0.016 gm.) of 
elaterinm dissolved in a little water in the same manner are 
usually employed with advantage. An enema of lukewarm water 
is also useful. A hot foot-bath also serves a good purpose as a 
derivative. 

By this time the patient hoc received all the truly useful atten¬ 
tion he requires. Counter! rritation to the necle serves only to Irritate 
him fay increasing his discomfort. The Ice-bag placed on his head to 
meet the popular notion on the subject only serves to contract the peri¬ 
pheral v e s s els and Increase In proportion the Internal pressure—while 
affording a seco n d source of discomfort. 

As in the premonitory stage, all stimulants and tonics, 
including particularly strychnine, digitalis and the iodides, 
should be avoided, as they all tend to raise the blood-pressure. 

It is often ne eossai y to relieve the bladder by mam of the 
catheter. 

Mbasubks to Aid thi Pbockbs of Bbsolution. —When the 
reaction sets in, the fever is a protective phenomenon—an effort 
of the organism to rid the brain of the haemorrhagic coagulant 
and of what detritus has accumulated around it. Trephining 
has been used with success to remove a meningeal dot, but a 
dot in the deeper tisanes la usually beyond reach. Potassium 
iodide is usually given at this stage in the hope of hastening the 
absorption of the dot, but, like digitslis,it increases the vascular 
t ensio n in the usual therapeutic doses, and, therefore, exposes 
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the patient to a nother stroke. It is preferable to allow the phy¬ 
siological resources of the body to act without interference on 
our part* 

■ Whittaker" writes In this connection: “Certain lymph cells, pha¬ 
gocytes, begin at once to remove the obstruction, and cells which incor¬ 
porate blood-corpuscles are seen aa early ae the third day. Dflrck 
found on tim eighteenth day free pigment, end nothing but pigment on 
toe sixteenth day." 

When the period of resolution has set in, however, much 
may be done to prevent the development of paralysis. 

We have seen that tho cerebral lesions are located in the 
brain proper, the source, therefore, of voluntary impulses, the 
spinal system per se, governed by the pituitary body and tho 
source of involuntary, t.e., automatic impulses, remaining whole.* 
The loas of voluntary stimuli does not mean, however, that the 
spinal system has lost its control over the muscles of the para¬ 
lysed side, or that the vasomotor supply through which the 
muscles are nourished is the least impaired.* It only means 
that the strictodilator nerves which incite function in certain 
muscles no longer receive one of the two kinds of stimuli which 
they are in the habit of receiving through the intermediary of 
the cord, the voluntary from the impaired area of the organ 
of mind, in contradistinction to the automatic from the somatic 
brain, the pituitary body.* Even this may be reduced to a mere 
question of quantity as far as the vasa vasorum (which, when 
* constricted, cause the arterioles they nourish to dilate and admit 
more blood into the muscular elements) are concerned, since all 
impulses to them, whether originally derived from the brain or 
from the spinal cord, servo but one purpose, namely, to provoke 
their constriction.* 

Such being the case, paralysis finally occurs, merely because 
the muscles are allowed to degenerate through deficient use.* 
It would be prevented to a great extent, and perhaps altogether 
in some cases, were measures to do so initiated as soon as the 
patient has recovered from the immediate effects of the paralytic 
stroke. 

Tha reader la referr ed to the nix teen th chapter for evidence to 
toe effect that all aomatlo functions. Including Intricate muecular move- 
manta, eaa be p er for med Independently of the nraln. .Not only do exten- 
atve fnjnriee of tho hemispberea—the crow-bar easc^ for Instance—fall 
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to Impair muaeular activity, bat mn their entire removal u in eo 
high a mammal aa the dog, will fail to do eo. Title haa been shown 
by Gotti's animal, which lived eighteen mont h a after both lobes and a 
part of the optic thalaml had been removed. That timely measures are 
useful la .shown by the following ltnea of Browning's "Recently a 
German writer has done good service by calling attention to the impor¬ 
tance, in these cases, of doing everything to bring activity again Into 
the patient’s nerve tracts. fie shows that by rousing th ese persons, 
lifting them—when not too feeble—Into a sitting position, getting them 
once more Interested in life; further by eueroieing actively ana eemi- 
patmively the paretic muscles, we can save the patient from further 
degeneration that so often ensues and may effect great gain. To the 
value of this principle I can heartily subscribe. Ere beginning this plan, 
howe ver , we must wait until the danger of immediate relapse la past— 
say, usually until the end of the first weelf or ten days.” The practical 
aide of the question thus sustains the explanation I submit. 

An important practical point in this connection is that the 
vitality of muscles can be preserved reflexly, and enhanced when 
defective, by massage. The latter should be begun as soon as 
possible, therefore, avoiding much pressure. The muscles of 
the trunk, especially the trapezius, should not be overlooked in 
this connection. Passive movements should follow the massage, 
taking care to give each member exercise in the line of its usual 
functions. Thus, the fingers should be gently flexed and un¬ 
flexed upon the hand, and separated and approximated; the arm 
likewise at each joint, and rotated, etc. After the massage and 
passive motion, the patient should attempt to repeat the same 
motions voluntarily. He will be aided in this not only by the 
temporary increase of nutrition which the previous procedures 
will have brought about, but also by the fact that the somatic 
brain is able to supply, when movements are alone in order, 
impulses which strikingly recall tlioao projected by the organ of 
mind.* 

Interpreted from my standpoint, manipulations such as those prac¬ 
ticed by osteopaths and mas s e urs promote nutrition of the structures 
thus treated by enhancing reflexly the propulsive activity of the arte¬ 
rioles through the sympathetic, and aid materially thereby the restora¬ 
tion of function. 

When the patient is able to go about, he should be treated 
as a case of arteriosclerosis—a condition quite amenable to treat¬ 
ment in a large proportion of cases. 

Many highly accomplished men, including Samuel Johnson, have 
lived many years of usefulness after an attack of apoplexy. Aa to 
disability, Whittaker refers to the feet that Behmidl" de scri b e d 38 
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ohm of oerabral Mon In whleh no sign of brain affastfcm could bs 
demon strated. during life,” these esses constituting one-third of all of 
loonl l es ion s whleh earns to autopsy during eight years in Kishhorafs 

clinic, 

DIABETES MELLITUS. 

Synonym. — Glycosuria. 

Definition.—There are two forms of glycosuria: (1) Dia¬ 
betes Mellitus, due to hyperactivity of the adrenal system, and 
(8) Asthenic Glycosuria > due to hypoactivity of the adrenal sys¬ 
tem.* 

Diabetes mellitus, an excessive excretion of sugar and urine, 
ia due to hypersensitiveness of the test-organ, and to the pres¬ 
ence in the blood .of waste-products or other irritating substances 
which keep this organ, and through it the adrenals, overactive. 
An excess of adrenoxidase is thus produced, and the intrinsic 
metabolism of all tissues is correspondingly activated. Thu 
pancreas being thus caused to secrete, besides its other ferments, 
an excess of amylopsin, the hepatic and muscular glycogens are 
converted into sugar with unusual tepidity, and the surplus of 
sugar formed is eliminated by the kidneys.* 

Symptoms.—The onset of diabetes mellitus is insidious, and 
any one of its symptoms may appear first. As a rule, however, 
the earliest phenomena observed are unusual thirst and dryness 
of the mouth and pharynx, and viscidity of the saliva. Polyuria 
may cither appear concurrently or be the first symptom observed, 
the excretion of urine being increased to a daily quantity vary¬ 
ing from 6 to 30 pints or more, the urine itself being pale and 
acid, and having a specific gravity varying from 1080 to 1040, 
or even higher. It contains from J /i to 5 per cent, or more of 
sugar (glucose), the daily excretion of which may vary from 
one ounce to as much as two pounds. Stains on the linen or 
on the shoes or clothing, where drops of urine happen to fall, 
prove on analysis to be sugar. 

The patient may sweat profusely under the influence of 
dight exertion or during moderately warm weather, or his skin 
may be dry or more or less harsh owing to deficient perspiration. 
Pruritus may cause considerable suffering, especially in women, 
owing to involvement of the meatus urinarins and the labia. 
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The gums may become spongy and the teeth show an unusual' 
proclivity to caries; recession of the gums is also apt to occur 
in these cases and render the teeth liable to fall out. The 
tongue is often red, dry and glazed; the breath may have a. 
peculiar odor recalling that of apples. Excessive appetite is a 
common symptom, though the patient gain no weight or even 
lose flesh and grow weaker. 

These symptoms may appear in rapid succession and the 
case remain a benign one—at least for a time—or they may 
develop very slowly, constituting a chronic case. 

As the disease progresses, complications may occur. Neu¬ 
ritis, especially of the brachial and crural nerves, is frequently 
observed. Gangrene may be readily produced by what under 
normal conditions would prove to bo trifling injury or disorder, 
an abrasion, a boil, etc.; it is apt to begin in an extremity, espe¬ 
cially the toes, and to extend upward. Gastrointestinal disor¬ 
ders are frequently observed, consisting of indigestion with 
pyrosis and gastralgia, constipation and flatulence, or diarrhoBa. 
The odor of the breath changes to an unpleasant one, suggesting 
that of vinegar or stale beer. The patient at this stage is espe¬ 
cially prone to intercurrent diseases, especially those of the re¬ 
spiratory tract, tuberculosis, pneumonia, bronchitis, etc. Car¬ 
buncles are frequently observed in the course of the disease 
and promptly assume an alarming aspect. 

In advanced cases the temperature, though not materially 
affected early in the disease, may become subnormal. The ten¬ 
don reflexes are, as a rule, diminished. Symptoms recalling 
those of tabes, the so-called “diabetic tabes,” may occur, with 
“steppage” gait and paralysis of the extensors. Atrophy of the 
optic nerve, cataract and other disorders of vision may appear, 
both eyes being affected simultaneously. The other organs of 
special sense may likewise become impaired. Impotence, steril¬ 
ity and abortion are common complications, as is also interstitial 
nephritis. . 

Diabetic coma occurs in advanced cases, usually as a fatal 
complication. It is often preceded by general malaise, irritabil¬ 
ity, vertigo, anxiety, constipation with abdominal and muscular 
cramps. Conversely, it may occur suddenly with special pre¬ 
monitory symptoms, the patient lapsing into m umiM^ i mwn 
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,-with the eye* h al f closed, the respiration sighing, the pulse rapid 
and weak. The temperature, at first somewhat above normal, 
gradually declines, cyanosis appears, the precursor of death, 
which ensues usually between twenty-four and forty-eight hours 
after the onset of the coma. Death from coma occurs, however, 
in less than half of die cases of diabetes. 

Diabetes mellitus, os here understood, begins in sthenic and 

, more or less vigorous subjects.* 

Pathogenesis and Pathology. —Diabetes mellitus is due to 
excessive irritability of the test-organ and to the presence in the 
blood of waste-products, stimulating drugs, poisons, toxins, etc., 
which cause this organ to reset inordinately owing to its over¬ 
sensitive condition. By thus provoking an excessive production 
of adrenal secretion, these agents excite hyperoxygenation of all 
organs, including the pancreas.* As this organ (its islands of 
Lengerhans) supplies a ferment, amylopsin. which on reaching 
the muscles through the intermediary of the leucocytes,* and the 
liver by way of the splenic vein,* converts the glycogen of all 
these organs into sugar, a larger quantity of the latter is pro¬ 
duced than usual, and the excess is promptly excreted by the 
kidneys.* Hence the presence of a more or less great quantity 
of sugar in the urine, the excess voided over and above the nor¬ 
mal ratio being proportionate with the degree of hyperactivity 
of the adrenal system.* 

In fhe first volume of thin work (.Tan., 1003) *" I concluded, after 
submitting evidence to that effect, that toxic glycosuria wan ‘‘primarily 
due to overstimulation of the adrenal system, the excessive functional 
activity which increased oxidation produces giving riae to an inordinate 
production of an agency that converts glycogen into auger.” In the 
present volume*** I pointed out that dis ea s es of the anterior lobe of the 
pituitary body (the Beat of the adrenal center) attended fay hyperemia 
or hypernutrftion provoked glycosuria, and that the adrenal center waa 
the eo-cailed “glycogenic center.” Thin term applies, interpreted from 
my standpoint, only in connection witti the abnormal production of 
■agar, for I regard the vagns center aa the true "glycogenic center” in 
the sense that it adjusts the conversion of glycogen to the physiological 
needs of the body at large, by regulating simultaneously the functions 
of the pancreas and the liver. The production of glycosuria by stimula¬ 
tion of the adrenal center accounts (1) for the fact that Blum, Hertor, 
Croftan and others produced this.symptom by Injecting adrenal extract; 
(S) for the cessation of toxic glycosuria when, aa observed by Claude 
Bernard, Kauffmann and others, the splanchnlcs—which contain the 
nerves from the adrenal center to the adrenals—were severed; (8) for 
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the reoent obHmtkm of Andrfi Mayer 1 * that after extirpation of the 
adrenals Claude Bernard's puncture no longer provoked glycosuria; and 
(4) for the rapid diminution of sugar both in normal glycmmia and 
glycosuria, when, as observed by Kauffmann, the inferior vena cava—to 
which the adrenal secretion is carried by the adrenal veins—was ligated. 
As all these observations had remained unexplained before I had shown 
the functional relationship between the pituitary body and the adrenals, 
they now stand as evidence of the correctness of my interpretation. 

As the adrenal system includes the thyroid gland, thyroid extract 
should also cause glycosuria. Thm fact was not only observed by Kwald 
In 18B4 and by many observers since, as we have seen in the seventeenth 
chapter and as shown below, but Lorand found that it was even more 
active than adrenal extract in this particular. 

The "internal secretion" referred to in the text only means, accord¬ 
ing to the current view, the substance secreted by the islands of Lan- 

C rhans as distinguished from the pancreatic Juice secreted externally, 
., in the intestinal canal. The manner in which this substance reaches 
the liver, however, has not been shown. In the first volume 1 * I sug¬ 
gested that the sugar-forming ferment passed out of the pancreas with 
> Its venous blood into the epUniio veiny that it met in the latter the 
internal secretion (nueleo-proteid derived from broken-down leucocytes) 
of the spleen, which rendered it active, and then passed to the portal 

S stem, where it converted glycogen into sugar. Additional evidence to 
is effect is available in the literature on the pathogenesis of glyco¬ 
suria; a small part of which only can be submitted here. 

We owe to Merlng and Minkowski 1 * the view that the pancreas 
produces an internal secretion which governs carbohydrate metabolism 
and to Laguesse 1 * the demonstration that the islands of Langerhans were 
the source of this secretion—both of which conclusions have been repeat¬ 
edly sustained, especially by Schafer’s" 1 independent researches. But 
Laguesse’" concluded, moreover, that the Bccretion-granules of the isl¬ 
ands, at least in the embryo, were carried away by the blood-vessels. 
Tills applies to the developed islands as well, since they also are 
deprived of ducts. My own conclusion that it is carried to the splenic 
vein not only affords the only normal path for the internal secretion to 
the liver, hut it explains also why ligation of the pancreatic duct, while 

causing J: -— 1 -* “— —*■ -* 11 —-•*- -*- *- 
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guinea-pig, rabbit, cat and dog, the islands persisted 400 days, until 
all the vital activity of the glands had ceased. Moreover, the atrophy 
of the gland elements did not modify carbohydrate metabolism; it only 
became impaired when the entire glusi including therefore the islands 
pi Langerhans, had been extirpated. 

Conversely, Arthaud and Butte”* arrested glycosuria by ligating 
the veins of the pancreas, which open, as is well known, into the mesen¬ 
teric and splenic veins. This result (although the observers mentioned in 
no way refer to the possibility of an internal secretion such as that 
suggested by myself twelve years later) proves conclusively that it Is 
through its veins that the internal secretion which provokes glycosuria 
enter* the circulation and through it the liver. 
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Ai to theparticipstion of a splenic internal secretion in the glyco¬ 
genic process, I must refer the reader to the first volume 1 ** for details, 
in which its action upon trypsinogen is studied, and which applies to 
the carbohydrates as well. Referring to the investigators and the re¬ 
searches I mention therein, liammanten u * says: “Such a ‘charging’ of 
the pancreas hy the spleen has been repeatedly suggested by SclufT, and 
his statements have not only been confirmed V these recent investiga¬ 
tions, but in part also explained." He also states, however, that this 
is caused “in a still unknown manner by a body whose nature is 
unknown.” 

We thus have for the conversion of glycogen into sugar a triad 
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Several drugs in common use arc capable, in. sufficiently 
large doses, of provoking glycosuria: adrenal 'extract, which 
causes it indirectly by enhancing the oxygenation of the pan¬ 
creas; thyroid extract, which initiates the same process by stim¬ 
ulating the adrenal center; strychnine, mercury and other drugs, 
which also stimulate the adrenal center, but less vigorously.* 
Various diseases, the pathogenic agents or which cause 
marked stimulation of the adrenal center,* may also provoke 
glycosuria. These include pertussis, measles, varicella, diph¬ 
theria, enteric fever, epilqmy, convulsions and malaria, and 
diseases such as gout and rheumatism, but only during ex¬ 
acerbations of adrenal activity caused by an accumulation of 
toxic wastes in the blond. 

We have seen tliat adrenal extract readily provoke* glycosuria. 
Thyroid extract, which arts much as does the thyroid secretion itself, 
by stimulating the adrenal center, was found to produce marked glyco¬ 
suria by W. Hale Jan!es' ,, in the case of a physician who liml taken 
thyroid for a psoriasis of old standing. The sugar disappeared when 
the use of the drug was discontinued. Kimilar cases have been observed 
by Ewald,“* Loranil and other clinicians. CJeorgiewsky 1 " found that in 
dags the use of fresh thyroid gland as food, or of the expressed juice 
by injection, produced a glycosuria which sometimes reached as much as 
17 per cent., and which disappeared when the thyroid was no longer 
given. Strychnine was found to reuse glycosuria by (’lauile Bernard, 
Schiff and many others; Deniant“ showed thut it caused the hepatic 
glycogen to be rapidly reduced. Iamgendorfr* 1 observed, moreover, that 
extirpation of the liver prevented strychnine glycosuria. The clinical 
uk of mercury was aim found to bring on glycosuria by Heynoso, Boson- 
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Bouchard and others. Handlleld Jones" noted, moreover, that 
memory caused marked hepatle hypenemia. Phloridaln jriyoom-t l*. ie 
likewise due to marked stimulation of the adrenal center. The met that 
it ie accompanied by excessive metabolism is shown by Cartier's* state¬ 
ment that “all authors who have studied phloridaln-unite In saying that 
the animal experimented upon becomes voracious^ and, if not overfed, 
ranldJy wutci, ^ 

As to the causative influence of various diseases, Charrin and Car* 
not 1 ** produced diabetes fay injecting diluted culture of bacillus pyocy- 
ancus. Thomson, of Glasgow,“* in a study of a large number of eases, 
found a large exceaa of sugar in children suffering from pertussis, epi¬ 
lepsy and convulsions, and a slight increase in cases of varicella, variola, 
enteric fever and peritonitis. Teaehemacher" observed a case of measles 
in which the urine contained 4 per cent, of sugar. Moss#, Charles Blanc 
and others* observed it in ca s e s of intermittent fever. Strflmpell," 
Dyco Duckworth* and many others refer to gout as a cause of transi¬ 
tory glycosuria. 


In a large proportion of the caeca met with, the glycosuria 
ia due to the presence in the blood of an excess of normal phy¬ 
siological waste-products. These, by overstimulating the adr enal 
center, produce glycosuria in the same manner aB thyroid extract 
and the other agents referred to above.* 

The accumulation of these poisons is principally due to the 
ingestion of food in excess of the body’s needs; excessive work 
is thus imposed upon the adrenal system and through it upon 
the pancreas.* Overeating becomes more active as a cause of 
glycosuria when, in addition, the blood is simultaneously being 
deprived, by the free ubc of alcohol, of some of the excess of 
oxygen the immunising overactivity of the adrenal system is 
providing.* Hence, the fact that diabetes is usually observed in 
vigorous subjects who are large eaters, many of whom, partake 
freely of alcohol. 

All conditions which impose excessive wear and tear upon 
the body, prolonged overexertion, mental or physical, worry, 
anger,—which are all attended by an excessive production of 
toxic wastes—may also provoke diabetes through the asms mor¬ 
bid process.* 

This involves the conclusion that In this class of cases general 
metabolism must be corre sp ond! ugly excessive. Ldplne?" states that it 
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Is s positive fact that la 'many cases of diabetes them Is exaggerated 
destruction of nitrogen, a fact now generally recognised. Tyson 1 *' also 
■ays that the “area is almost invariably increased,” and considers as 
one of the causes of this symptom “the ingestion of large amounts of 
nitrogenous food, whether to appease the appetite or by the physician’s 
Advitti 

A. Lorand, of Carlsbad," also holda that diabetes is due to the 
fact that “people are taking more food, esiiecially carbohydrate food. * 
Into their bodies than they can burn.” As interpreted from my stand 
point, it is the attempt to destroy the excess of wastes that this entails 
which causes glycosuria, the conversion of glycogen into sugar, glyco¬ 
suria being in reality but one of the phenomena indicating that exces¬ 
sive metabolism is in progress. 

The morbid influence of alcohol is illustrated lty casea studied by 
Strauss of von Noorden’a clinic" in which glycosuria followed the use 
of a mixed diet after a drinking bout. In one patient, who had lost 
the tendency to glycosuria after a carbohydrate diet witlmut sugar, the 
glycosuria could be made to return by administering alcohol. Htrllm- 
pell had already shown that alcohol favored the appearance of aliment¬ 
ary ghreoauria. 

The influence of physical strain, such aa that caused by long tramp¬ 
ing, Is shown by five cases reported by Iloppc-Hcvlcr," in which rest 
caused the glycosuria to disappear, fiobbi" made a similar observa¬ 
tion in eight runners who, before the race, had no sugar in their urine. 
Other instances of thfa kind have been re|x>rtml. Mitra" states that 
dlmhntjsi is four times more prevalent in Tlengnl than elsewhere, nnd that 
It is practically limited to hard-worked professional men, officials and 
students. Bolye (Thunder Ren" had already emphasised that while the 
country Hindoos were comparatively free from the disease, the propor¬ 
tion was large among the brain workers. Worms" found that among 
scientists and others leading intellectual pursuits, the proportion of 
diabetics was 10 per cent in Paris, where, as shown by Hertillon, the 
mortality from diabetes hod almost doubled between 1HH3 and lHBff. 
Worms observed that the condition of diabetics was aggravated fay worry. 

The development of pathological changes in the oTgan which 
bears the brunt of the morbid process, the pancreas, occurs late 
in the history of the case. It is merely overworked, and is able 
to meet the needs of the stress imposed upon it. Glycosuria 
cannot, therefore, be attributed primarily to disease of the pan¬ 
creas in this form of diabetes.* After a more or less prolonged 
period of overwork,* however, this organ begins to show morbid 
changes, though previously, and notwithstanding the presence of 
considerable sugar in the urine, and all the typical symptoms of 
diabetes, it had shown none whatever. 

The general trend of the pathological process is a general 
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degeneration of the pancreas, and more particularly as regards 
the glycosuria of the islands of Langerhans. 

The first step is a general engorgement of the capillaries, 
which may be sufficiently marked in the more advanced cases to 
be accompanied by haemorrhage, especially in the islands of Lan¬ 
gerhans, in which these small vessels are extremely thin. The 
capillary walls then undergo hyaline degeneration, which grad¬ 
ually invades the islands and destroys them. In some cases, 
however, these structures liecomc granular and undergo necro¬ 
biosis. Both these morbid processes may proceed to an advanced 
Btage in the islands of Langerhans without involving the rcBt of 
the gland, or the latter may undergo atrophy and be replaced 
by fatty tissue. The local changes may also lead to a cirrhosis 
in which the secreting structures of the gland, as well as the 
islands of Langerhans, are gradually enmeshed in a fibrous net¬ 
work and obliterated. 

The islands of Langerhans are the structures of the pan¬ 
creas which yield first under the excessive stimulation to which 
the latter organ is subjected. Thus, a cose of diabetes may pro¬ 
ceed to a fatal termination through gradual degeneration of the 
islands and the other glandular elements be found normal after 
death. Moreover, these glandular elements may be profoundly 
diseased and no glycosuria occur. 

Important in this connection is the fact that disease of the 
pancreas is not the cause of diabetes, as believed by many, and 
that the pancreatic lesions are due to overstimulation of this 
organ.* 

As stated by R. H. Fits, 1 * the existence of pancreatic diabetes is 
established, but disease of the pancreas does not necessarily cause dia¬ 
betes. Of 29 cases from the Massachusetts General Hospital that 
showed lesions of the pancreas, glycosuria was found in but 2, although 
in 12 cases there were no records of testa for sugar. The investigations 
of E. L. Opltf" have thrown considerable light upon this problem. He 
not only pointed out that extensive lesions of the ordinary secretory 
structure with escape of the islands of Langerhans are unattended by 
diabetes, but also that destruction of the latter structures alone con¬ 
curred with this disease. This is emphasised by the following details 
of an autopsy °f a diabetic negroes aged Q4 years. The pancreas 
weighed 80 grammes, was soft and of a gray-yellow color. Almost e v er y 
Island of Langerhans showed microscopically a homogeneous material 
that stained with eosin. This substance at times lay in the midst of 
groups of cells, but was utually in contact with the walla of the capil- 
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briM penetrating the bland, or next the peripheral fibrous tisane, and 
wa^ therefore, uaiiallr between the remaining cell* and the capillary 
walU. The cells of the bland were, in large part, replaced, no that 
between the hyaline particles only an occaaional compressed fusiform or 
niwleua could be seen. The hyaline metamurphosis was atrictly 
limited to toe islands of Langerhana, the glandular acini remaining 
Intact In this pancreas, therefore, a lesion of obscure etiology liau 
destroyed the inlands of Langerhana, while those of the neereting acini, 
as well as those of other organs, were uiuffacted. Tin- association of 
diabetes mellitua affords convincing proof that the islands of Langer¬ 
hana are intimately connected with the glycogenic metabolism. 

The fact that the pancreatic lesions arc not the original cause of 
glycosuria, however, is shown by the many roses observed in which 
pancreatic lesions were either slight or absent. Unis. M. Jl. Hchmiilt"' 
in 23 autopsies of diabetics found tile ]MincreaH entirely normal in 8 
instances. It showed evidences of slight inflammation in 7. while in 
the rest there was either: acute interstitial inflammation, chronic in¬ 
terstitial Inflammation or hyaline degeneration, which—from my view¬ 
point—represent steps of toe degenerative process, followed In suffi¬ 
ciently vigorous cases by a reparative fibrosis. A. K. Kinney'™ was also 
led to conclude, by a comprehensive study of the subject, that “diabetes 
may occur In the absence of demonstrable lesion in the islands of Lan- 
gerhans.” He also found that the injection of adrenalin chloride in 
the guinea-pig produced—besides general phenomena and hyperemia of 
other organs—a perl-acinous engorgement of the pancreatic capillaries, 
too typical lesion to be expected in a condition brought about through 
excessive activity of toe adrenal system. 


There is, in the light of my views, ns previously stated, 
another form of glycosuria, asthenic glycosuria, due to insuffi¬ 
ciency of the adrenal system caused by jxiisoim nnd diseases that 
depress the functional activity of either of its three organs, and 
thus lower oxygenation in the body at large.* The functions 
of the pancreas being inhibited thereby, overactivity of the 
islands of Langerlians plays no rdlc in the pathogenesis of thiB 
stage.* This subject is treated below nndcr a separate heading. 

Treatment. —Agents which IIeduce the ITyperhknht- 
ttvenesb of TEE Adrenal Ckntkr. —If, as T would urge, dia¬ 
betes mellitus is clearly differentiated from the form I describe 
below as pathogenically a totally different disease, it may be 
said that we possess a specific for each of these two affections.* 
Indeed, the test-organ and the adrenal center being ovcractive 
in diabetes mellitns, the remedy which suggests itself is that 
which serves physiologically in the body to subdue the func¬ 
tional activity of these organs,* namely, arsenic. That this 
remedy has proven of great value in a large proportion of cases 
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is well known. The came of its failure and of the harmful 
effects occasionally observed an accounted for, on the other 
hand, by the fact that it was given in cases of ast h e nic glyco¬ 
suria, in which, as shown under the next headi ng , the adrenal 
mechanism is already markedly depr e ss ed .* In what might be 
termed sthenic diabetes, the form described above, however, it 
is of great value;* Fowler's solution may be given in 3-drop 
doses in a glassful of water during each meal, the dose being 
gradually increased until the first signs of the physiological • 
eff ec ts of the drug appear, when it should be somewhat reduced. 
The object should be to keep the test-organ depressed until the 
excess of sugar disappears from the urine, and then to adjust 
the subsequent use of the remedy to this end.* 

Louis Lewis™ ascribes the origin of the arsenic treatment of 
diabetes to Balkowskl, who discovered that In animals poisoned by 
arsenic* no artificial dlabetea could be produces, either by puncture of 
the fourth ventricle or curare. Here the arsenic had evidently paralysed 
the adrenal system thereby the pancreatic functions. No smykipsin 
being produced, glycosnria failed to Occur. Arsenic has been highly rec¬ 
ommended by Dujardln-Beeumets, 1 " Jaecoud™ and other author! tiee. 
Tyson 1 " states that “after opium, arsenic has longest, maintained Its 
reputation as a remedy In diabetes,” and that It seems to him that 
“there Is something more than a simple tonic action In It.” 

Unfortunately, the patients become rapidly accustomed-to 
the use of arsenic, and to offset this drawback, other agents hav¬ 
ing the same physiological action are indicated for a time. In 
some cases, the use of a different preparation of arsenic, the 
bromide of arsenic, Clemens’s solution, (administered in the 
sum way aa Fowler’s, the dose being, on the whole, reduced one- 
third) suffices.* In others, the change does not affect the situa¬ 
tion. The sodium or strontium bromide in 15-grain (1 gm.) 
doses on retiring, increased if necessary, and taken in a glassful 
of water, may then be used for a time—not more than a couple 
of weeks—then gradually reduced, while simultaneously the 
course of arsenic, beginning with 5 drops of Fowler's solution, is 
rammed.* When it becomes necessary again to withdraw the 
arsenic. Moral hydrate or Moralamid may bo employed i u atee d 
of the bromides or in conjunction with these salts, reducing the - 
dose of each in proportion.* If the sugar in the urine can he 
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kept down with smeller doeee of these depressants, such dcwss 
should, of course, bo need.* 

It is obvious that the administration of any “tonic,” "alter¬ 
ative,” or “chalybeate” as recommended by*some authors, must ■ 
compromise the results.* 

All these remedlm have been need empirically for some time, aa 
is well known. That they have been highly recommended by some and 
condemned by others Is not strange. In view of the fact that while 
beneficial In sthenic glycosuria (diabetes), they are harmful in tbs 
asthenic form. 

Drugs which Tend to Reduce Excessive Tissue Mkta- 
bousk. —Remedies which, by exciting the sympathetic center 
only, bat sufficiently to cause constriction of the arterioles, nat¬ 
urally'reduce the volume of the blood supplied to all organs 
through their capillaries, and the intrinsic metabolism of these 
organs.* It is to this property that opium and morphine owe 
their beneficial effects.* A small dose of morphine, '/• grain 
(0.008 gm.), may be given twice daily, then three times daily. 
The dose is then increased to V« grain (0.01 gm.) once in the 
day instead of the corresponding dose, then twice in the day, etc., 
the dose being increased and regulated according to the propor¬ 
tion of sugar in the urine. The danger of morphinism may, to 
a certain extent^ be reduced by substituting codeine for a time, 
beginning with */« grain (0.016 gm.) of the sulphate (not the 
phosphate, the preparation most used) three times daily. Opium 
or morphine, which are well borne by diabetics, are preferable, 
however; they diminish hunger because they reduce tissue waste 
by lessening the quantity of adrenoxidase admitted to the tissue- 
cells; they also cause a marked reduction of the sugar excreted, 
because the tissue carbohydrates, especially those of the muscular 
el em ents, are not as rapidly consumed.* The bowels should be 
kept open by means of saline aperients; the simultaneous tree 
use of Carlsbad water, which contains sodium sulphate, bicar* 
hamate awd chloride, often suffices for this purpose, besides trad¬ 
ing to preserve the blood's alkalinity. 

fyeon itatM that "tbs only drag that can be' relied upon to pm* 
dues an affect In diminishing glyeoauria le opium.” Shoemaker** writes: 
“Opium la, perhaps, the most efficient drug which we p oe aeae In the 
treatment of title disorder. It dlmlnlshee hanger and tlilrat, the qnan- 
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tltjr of urlns exoratod, nd the amount of sugar eliminated. The pro* 
greee of the iHnrain ie nhedtwl end the atmdltion of the patient amelior¬ 
ated. large doe e e are required and well-borne in diabetes meUltus.” 

If, for some reason, opium or its preparations cannot be con¬ 
tinued, or given at all, antipyrin and acetanilid may be used 
instead, the initial dose being 10 grains (0.6 gm.)—with equal 
parts of sodium bicarbonate, three times daily, gradually in¬ 
creased if the sugar does not show a marked fall. We have 
seen that the ejects of these coal-tar products are similar to 
those of opium, e.g., they stimulate the sympathetic center and 
provoke constriction of all arterioles.* Another remedy which 
acts similarly » the sodium salicylate in doses varying from 10 
to 15 grains (0.6 to 1 gm.) three times daily, but this remedy 
presents a drawback: it excites the test-organ sufficiently to 
counteract, at least partly, its beneficial effects.* 

Ant (pyrin has been highly recommended by Dujardin-Beaumets, 
Huehard, Robin and others. The first-named clinician noted that omis¬ 
sion of the drug caused prompt recurrence of the sugar of the urine, 
both of which had been greatly reduced. Oplts m found antlnyrln of 
great value also in cases of long standing. He gave 10 grains (0.6 gm.) 
ui. and increased the doee by fi grains (0.3 gm.) daily until 30 grains 
(2 gms.) were taken i.i.d., if necessary. The latter doee seems exces¬ 
sive, but it is generally recognised that these patients, as a rule, require 
large doeee. The sodium salicylate introduced fay.Ebstein is mentioned 
because it has been found beneficial in some instances. I have never 
used it. 

Agents which Inoheabe the Alkalinity of the Blood. 
—An important feature of this disease is the steady loss of the 
mineral constituents. Hence the fact that the blood’s al k alinit y 
is always low. When this condition is allowed to proceed, the 
acetone bodies accumulate in the blood, acetone, diacetic and 
oxybutyric acids appearing in the order named, according to the 
stage of the disease. Appearance of the two latter means that 
the patient is exposed to diabetic coma, owing mainly to the 
irritating influence of these two acids upon the kidneys. Now, 
sodium bicarbonate is known to offset and prevent coma, espe¬ 
cially when given with large quantities of fluid. This is due 
mainly to the fact that, besides neutralising the adds, the 
osmotic p ropert i es of the body fluids are re sto red to their normal 
condition, and that the catabolism of sugars and fats, as well as 
that of proteids, can be carried to a finish.* We sRould not wait, 
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therefore,, until then acids accumulate in tlie blood to utilise 
alkaline salts. 

In the early stages, the use of an alkaline mineral water as 
a usual beverage (of which the patient usually partakes in large 
quantities), and the addition of an extra amount of common aalt 
in his food suffice to preserve the normal osmotic properties of 
his blood—and, therefore, to insure Adequate catabolism of 
sugars and fats,—thus preventing the formation of the patho¬ 
genic acids.* This process is aided materially by the free use of 
green vegetables, which are rich in potassium salts. In more 
advanced cases the addition of sodium bicarbonate, 20 grains 
(1.3 gma.) twice daily, dissolved in one glassful of the mineral 
water used, affords the additional alkalinity required. Or, Vichy 
water, the chief constituent of which is sodium bicarbonate, may 
be used as usual beverage. 

The marked low of mineral constituents by diabetica has been 
emphasized by Robin,"* who found that the coefficient of demineralisa¬ 
tion sometimes attained SO to 40 per cent. lie found, as I have, that 
the patient fares better if encouraged to drink alkaline waters. Orlow- 
sky 1 " ascertained that the administration of alkalies increased the alka¬ 
linity of the blood and of ita plasma to an appreciably higher degree 
than in healthy individuals. 

Diet.—With hyperactivity of the test-organ and ita adreno- 
thyroid center aa the direct factor in the overproduction of sugar, 
the prevailing method of depriving the patient of starches and 
sugars is unscientific.* The morbid process being an excessive 
consumption of these substances in the body at large, including 
the hepatic glycogen, their withdrawal from the food can have 
but one effect, viz., to place at the mercy of the amylolytic triad 
of the blood what carbohydrates remain in the tissues.* The 
body is thus depleted, aa far as possible, of physiological com¬ 
ponents of the highest importance to ita welfare. The sugar in 
the urine naturally diminishes, and may even disappear, bnt this 
does not prove in the least that the disease is counteracted; it 
only shows that the patient has been-drained effectively of his 
main gources of muscular energy and heat. Nor does the meat 
diet to which the patient is relegated even protect him against 
the renal complications feared, since glycosuria is known fre¬ 
quently to persist under such a diet and to promote the appear- 
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once of acetonuria and acidoeiB. That abstention from starches, 
sugar, etc., is harmful under such conditions is shown by the fact 
that tiie restoration of carbohydrates often causes both acetonuria 
and acidosis to disappear.' 

But one carbohydrate, usually wheat flour, need, as a rule, be 
abstained from. Again, a large excretion of sugar occurs be¬ 
cause the test-organ and its adxenothyroid center are hypersen¬ 
sitive.* The indications, therefore, in sthenic diabetes, are to 
seek the offending carbohydrate, forbid it, and reduce the total 
diet, in order to diminish as much as possible formation of wastes 
which sustain the irritability of the test-organ.* Moreover, the 
diet should be varied, to avoid the presence in the blood of a rela¬ 
tively large proportion of any one waste. It is important to watch 
the urine for acetone and diacetic acid, which tend to bring on 
diabetic coma. Reduction of fats, the addition of a little bread, 
and sodium bicarbonate 15 grains three times daily, will, as a 
rule, cause the danger signals to disappear. » 

Tbs true position of the dietetic measures usually recommended 
is well exemplified by Croftan’s statements* that "with the Introduction 
of calorimetric methods into the treatment of diabetes a new danger has 
arisen, vis., the substitution of a modern ultraseientlfio routine for the 
old-fashioned and venerable, but altogether unscientific, routine of feed¬ 
ing every diabetic on a diet containing no starches or sugars.” Static 11 * 
also wrote recently: "A rigid exclusion of sugars and starches in the 
treatment of diabetes Is a thing of the past, nor do we often find It 
necessary to wfhrf* thum permanently from the menu of ^tsim fos On 
the contrary, we often substitute carbohydrates for fats la eases of 
marked acetonuria..As a matter of feet, the organism act¬ 

ually renulrea for its maintenance earbohydfetes for the repair and 
growth of Its tissues, and far the production of heat and muscular force. 
Ibis n ecessity for carbohydrates is so emphatic that directly they are 
proscribed the system draws upon the nitrogenous element of food to 
supply the missing component.” As to the influence of meat, Croftan 
states that "In many eases it Is well known that the sugar excretion 
only stops when the amount of meat la considerably reduced. Further, 
It can be shown that withdrawal or reduction of meat appreciably in- 
er easea the tolerance of carbohydrates.” He urges, mo r eover , that "the 
chief danger incident to complete withdrawal of carbohydrates is . . . 
acidosis and coma,” and also that "It Is surprising how often the admin¬ 
istration of a little carbohydrate In eases that sis on a rigid diet, or of 
some more carbohydrate in ca ses that are receiving only small quantities 
of carbohydrate will cause all t h ese dangerous phenomena to disappear.” 
A lugubrious commentary upon the true meaning of all these facts is 
su g ge st ed by the ease of a gum In the last stages of the disease observed 
by LBpine, to whom sugar was granted Owing to his hopeless condition, 
and who * . began to Improve. This suggested brassy as an 
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■MnnrUta food, mel In dtebctn meltttum. Hw fallaokmsnma of 
too whole dietetic tre a tment head on old linen la emphnnlned bar another 
method of which Ham"* eaya: "Although potato* are eeriaentte a 
itawiy food, recent luvsstlgatkma indicate that It in perhaps the beet 
form of starch which ean be taken by the diabetic.” Mona*, who advo¬ 
cated this method, recommends that 8 or 3 pomufa daily of this "eml- 
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Finally, the Hindooe and all vegetarians should show an enormous 
pr op o r tion of dlabetias were the prevailing doctrine true. A Hindoo 
ph^ldan of wide experience, Bose,"* states that the Jams, who are 
great starch ■»! sugar eaters, and the 8adhoos, Jogees, and Chowbays 
of Muttra, who live upon sweets, do not suffer from diabetes. This does 
not mean that diabetes is not observed in India. A suggestive fact 
aseerts itself in this connection, however: the patients live much longer 
In India, because, owing to their aversion for meat, theyjwssof be plaeed 
upon the "sugar- and starch-free diet.”*" 

- In the treatment of these cases, the following course is rec¬ 
ommended : (1) Forbiddance of the offending carbohydrate, with 
redaction of diet and use of some plain alkaline mineral water: 
Ballardvale, Londonderry Lithia, etc.; (8) second week, arsenic 
added. If at the end of the third week the sugar is not reduced 
very considerably, acetanilid on retiring (besides preceding indi¬ 
cations) with Vichy as beverage.* See also page 35, Vol. I. 

ASTHENIC GLYCOSURIA. 

Synonyms. — “Toxic” Glycosuria, but only as to depressing 
poisons (arsenic, chloral, etc.); “Traumatic” ‘"Shock? and 
« Fright** Glycosurias; “Diabetes Decipims/* “Conjugal Glyco¬ 
suria/* “Diabite Brans?* of the adrenal type; “Diabite Maigr s” 
or ** Emaciating Diabetes.** 

iwSnltlflU, —A form of glycosuria due to poisons, diseases, 
traumatisms, shock, fright and other conditions which depress 
the functional activity of the test-organ or of the adrenothyroid 
and sympathetic centers of the pituitary body, and, therefore, 
the functional activity of all oTgans, including the pancreas. 
The secretory functions of this organ being inhibited, the for¬ 
mation of glycogen is correspondingly reduced, and the food 
carbohydrates which should be utilised in this function are 
directly converted into sugar in the alimentary canal and ab¬ 
sorbed as such. Being unsuited for utilisation by the tissues, 
♦iiia sugar is eliminated by the kidneys.** 
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I find it Impossible to ovoid Introducing the name "aethenio glyco¬ 
suria.” The term “toxic glycosuria" ie eometimae employed to distin¬ 
guish the form, duo to poisons from true diabetes mellltus. In the light 
of my views, however, it is faulty, since it includes two uatbofogfoal 
jmnnssns which are not only distinct, but antagonistic. Thus, while 
strychnine and mercury provoke toxic glycosuria, by atimulating the 
adrenal s y s te m , arsenic, antimony, etc., bring It on by depr essing the 
same system. A g ain , while the drugs which stimulate this system ulti¬ 
mately give rise to lesions similar to those observed in diabetes mellltus, 
those which depress it lead to organic changes of a special character, 
4 a., th ose of arrested nutrition and atrophy. The term "asthenic’’ gly¬ 
cosuria seems to me not only to embody the essential feature of an 
autonomous morbid process, but also to suggest the appropriate line of 
treatment. 


Alimentary glycosuria is not included in this form, since it 
may be produced through both hyper- and hypoaetivity of the 
adrenal system. 

Symptoms and Etiology.—While in the sthenic form, i.e., 
diabetes mellitus, described in the preceding section, the type of 
patient is usually one indicating vigor and overactivity, in the 
asthenic form the opposite is the case.* The patient may be 
bulky and obese, but of the type denoting clearly general torpor 
and low vital activity. He may also be thin, delicate end anae¬ 
mic, a class in which hypochondria and melancholia sometimes 
occur concurrently. 

In the first volume* I advanced the view that there was also a 
form of diabetes due to Insufficiency of the adrenal system and con¬ 
cluded 1 " that “the glycosuria following extirpation of the pancreas is 
dus to the action of the ptyalin upon food-starches.” The latter con¬ 
clusion was based on ea&ennkeats oy Aldehoff, Minkowski, Chittenden 
and Griswold, and von Mering and the well-known fact that, as stated 
by Howell,* "saliva or preparations of ptyalin act readily on boiled 
starch, co n verting It into sugar and dextrin.” That amylopsln carries 
on, both in the Intestine and elsewhere, the conversion of starches and 
glycogen into sugar is well known. The sugar produced, therefore, may 
be derived from that produced through the action of ptyalin and amyl¬ 
opsln, or directly—and mainly in asthenia glycosuria-—from sugars in¬ 
gested- 

Howell also says,* referring to diabetes: “In severe forms of 
this disease, all the carbohydrate material of the food appears In the 
urine.” That leucocytes take up food-stuffs from the Intestine has been 
emphasised both In the first volume and the present one. In a recent 
paper, Favy* states that he had* "adduc ed evidence to show that at 
the seat of absorption In the alimentary canal the carbohydrate ie assi¬ 
milated by synthesis Into proteid through the instrumentality of the 
lymphocytes of the villi.” 
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FnrUMr evidence to the effect that the explanation I furnish of 
the pathn^naels of the asthenic form of gljaosurla in aonnd, ia afforded 
tar the m a nner in which it bannonlaee with the results of experimental 
observation, Lfipine,** 1 Bfidart,*" Thlrok»ix u * and others having found 
that giycoeuria did not follow removal of the pancreae In dog* deprived 
of food several days. The cause of. this becomes obvious when the sugar 
is derived directly from the food-stuff*, as removal of the organ typi¬ 
fies, in the pathology of the disease, advanced organic change* in the 
pancreas. Lancereaux first pointed out in 1877 that the diabSle maigre 
with which the asthenic type corresponds is invariably accompanied by 
pancreatic lesions. Baundby in his Bradshaw lecture 1 * state* that “in 
all typical cases of emaciating diabetes,” the pancreas was in a shrunken 
state, and that they showed microscopically hyaline change and fibrosis. 
That general nutrition should be impaired under these conditions is self- 
evident. As da Dominici'** says: "Destruction of the pancreas Inevi¬ 
tably Induces dystrophy of the organism in virtue of the absence of 
the very important functions of this organ in digestion, and in virtue 
of the absence of the substances that the pancreas produces, which reg¬ 
ulates the equilibrium of metabolism.” 

That when the functions of the pancreas are inhibited by removal 
of this organ, glycosuria is produced, is well known. Minkowski found, 
and his results were confirmed by Hedon,'" that when a fixed quantity 
of sugar was administered to animals after their pancreas had been 
removed, the sugar obtained from tbe urine was increased precisely In 
proportion with the quantity Ingested. These and oth-sr experiments of 
a similar kind, clearly show that, as in the advanced stage of diabetes 
the sugar eliminated is derived from the food and not from hepatle or 
tissue glycogen. 

Adapting these facte to the forms I Include under the term 
"asthenia glycosuria,” we are brought to realise that hvpoactivlty of 
the adrenal system, i.e., of the teat-organ and the center through which 
it influences the adrenals and tho thyroid—the ad renothyroid center— 
or of the thyroid and parathyroid glands; or of the adrenals or of the 
nerve-paths connecting any of these organs with one another—and 
whether due to oiganio lesions or to functional impairment of any of 
these structures—must, in turn, depress the secretory activity of the 
pancreas through the deficiency of adrenoxldase, and produce asthenic 
glycosuria fay materially reducing the volume of amylnpsln formed. 

The diabetes ascribed to syphilis belongs to this group, and 
' ia apt to appear during the first four years, and in the course of 
the secondary and tertiary periods.* The so-called conjugal dia¬ 
betes is, in reality, due to sexual transmission of the disease; the 
giycoeuria of hereditary syphilis la also to be regarded as asthenic 
glycosuria.* 

The glycosuria *bf alcoholism and influenza is essentially 
asthenic in character.* This applies as forcibly to the form • 
observed in neurasthenia and after cerebral haemorrhage, and. 
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obviously to the glycosuria of senility , and that due to excessive 
or too prolonged lactation* In individuals who, in one way or 
another, show the landmarks of gout, glycosuria is also asthenic 
in character, while this fact becomes self-evident in the diabete 
bronzS in which more or Jess advanced adrenal lesions are found, 
and which present many of the symptoms of Addison’s disease.* 
Shock ib another cause of this form of glycosuria, which may be 
attended by all the phenomena of diabetes, including a more or 
less rapid loss of flesh. Grief, worry and exhaustion may engen¬ 
der asthenic glycosuria, while anger and violent excitement may 
incite the sthenic type.* 

An important form of asthenic glycosuria is that due to 
traumatism. In this class of cases sugar may appear as early 
as six hours after the receipt of the injury; but, as a rule, it 
begins in from eight to twelve hours. If it appeare soon it is 
apt to be temporary, i.e., to disappear within ten dayB. The 
interval between the accident and the appearance of sugar 
usually includes shook phenomena, more or less weakness, pallor, 
hypothermia, etc. This is followed by somnolence in Borne and 
insomnia in other cases, and leading at times to melancholia and 
other pBychieal disorders, especially in head injuries, which give 
rise to glycosuria oftener than others. Acetone and acetic acid 
are very rarely found in traumatic glycosuria except when it 
becomes permanent, and even then only when the case is ad¬ 
vanced. Albumin, however, fa always present. 

The principal poisons which produce asthenic glycosuria in 
(the same way nrc arsenic, antimony, curare, nicotine and the ' 
salts of uranium nitrate.* 

A number of agents provoke the Bame functional inefficiency 
of the pancreas, and, therefore, asthenic glycosuria, indirectly.* 
Thus alcohol produces it by deoxidizing the blood; chloroform, 
ether and other anaesthetics, by reducing the intake of oxygen; 
.amyl nitrite, chloral and chloralamid, by relaxing the arterial 
system and depleting the capillaries, including those of the pan¬ 
creas ; and, finally, morphine—a frequent cause of glycosuria— 
and caffeine, which, by causing marked constriction of the arteri¬ 
oles. reduce the quantity of blood admitted to all organs, includ¬ 
ing the pancreas.* 
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L If a ° ,uie of glycosuria is familiar to every one. 

* Trolley* however, emphasized the fact that it occurred with 
relative frequimey during the third stage—that attended by the greatest 
adynamia. Tchistinkofl"* found also tliat tlio urine presented no other 
abnormal constituent.' This serves to differentiate asthenic glycosuria 
from that of diabetes in which phosphoric acid, etc., and other evidences 
of exaggerated metabolism are present* Again, as suggested bv Trollct 
audi ease, account for the so-called “conjugal diabetes,” which thus 


becomes conjugal syphilis with diabetes as a normal consequence. 
Schnee,* 1 moreover, has traced it to inherited syphilis. Suggestive also 
is the fact that this form of diabetes promptly yields to uiitisyphilitk) 
treatment to mercury and tlio iodides—both most ]N>werfiil adrenal 
stimulants, and which, therefore, most vigorously counteract the asthe¬ 
nia.* Stress was not -only laid on this fact' by Scegcn, Hervantie, 
Tchtstialcoff, Decker"" and others, hut the last-named observer found that 
recovery ensued without modifying the diet. 

As stated by Ebstein,** obesity, gout and dialietcs nrc closely 
related, and any two or nil three of them may lie present in the same 
person. Hirschfcld"* not only observed this close rclution between 
obesity and diabetes, but also that obese tieoplc showed sugar after a 
meal containing a fairly largp quantity of sugar. In the concomitant 
presence of obesity and gout wc have evidence of deficient metnlmlism, 
and in the nost-prandini glycosuria a strong probability that the sugar 
is derived directly from the food-sta relies. 

The concurrence of glycosuria with neurasthenia has lieen fre¬ 
quently observed by London (Tarter Gray."* Tnlinemen, a disease in 
which general neurasthenia is marked, may also lie followed by severe 
glycosuria, os observed by Mil gel son,*" Hnlsti,*" llnmdlient* end others. 
In the latter observer’s case, which liras already of three years’ standing 
when reported, there was weakness and eholition of the knee reflex. 

As to drugs, arsenie, whieh, we have seen, is an efficient remedy 
in true diabetes, is a pernicious agent in asthenic glycosuria. Claude 
Bernard, Saikowskl, Quinquuvid and Masoin"* all found that it was even 
capable of preventing the glytosuria produced by puncture of the bulb. 
Latham 110 first reported cases of glycosuria caused by arsenic. The rea¬ 
son for this is plain, when we recall that arsenic is tlic physiological 
antagonist of the thyroid secretion. That alcohol can cause glycosuria 
is generally recognised. As emphasized li>' Hnmlros and Douehanlat, 
however, large doses are required. Von Noonlen"" considers rhrnnic 
alcoholism a prominent cause. Chloroform was found by Winterstein M 
to reduce in animals tho intake of oxygen; Ebstein”* observed a very 
great aggravation in a practically cured cast* through the use of chloro¬ 
form as an amesthetic. Bendix gave dogs large quantities of grape 
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sugar, but found none In their urine; a similar experiment followed bp 
chloroform anasthesia, caused the appearance of glycosuria In all the 
animals. Similar experiments with morphine led to identical results. 
This agent was found by Eckhardt" to readily provoke glycosuria; 
F. Carrier 111 states that from 0.03 to 0.06 gm. (% to 1 or.) never falls 
to produce it in the rabbit; he refers to a case of Gilbert's in which 
morph inomania gave rise to continuous glycosuria. The other drugs 
mentioned as causes are represented by desultory case s in literature.. 

Pathogenesis and Tautology. —The disorders, diseases or 
poisons which provoke asthenic glycosuria include those which 
greatly depress the functional activity of the test-organ, the 
adrenothyroid center, or any of the organs of the adrenal sys¬ 
tem; or those of the vascular centers: the sympathetic and vaso¬ 
motor.* The oxygenation of the blood or the access of the blood 
to the various organs being impaired, their functions and nutri¬ 
tion are correspondingly inhibited.* The pancreas being in¬ 
cluded among the organs thus affected, its output in ferments— 
including the active agent in the conversion of glycogen to sugar, 
amylopsin—is greatly diminished.* The pancreas is reduced, 
therefore, as far as its functions are concerned, to the condition 
which prevails in the advanced stage of diabetes mellitus.* 
While in the latter disease the pancreas is destroyed organically 
through excessive intrinsic metabolism, in asthenic glycosuria it 
maybe only functionally paralysed, owing to inadequate oxygena¬ 
tion and local hyporoctabolism.* 

The sugar originates, therefore, as may be the case in 
advanced diabetes, directly from the sugar ingested or from food-’ 
starches, the conversion occurring in the alimentary canal. This 
sugar, being taken up by the digestive leucocytes, is unloaded by 
these cells in the intercellular spaces, but being in excess of the 
needs of the tissues, the surplus is earned by the lymph-stream 
to the blood.* The glycolytic property of this fluid enables it to 
destroy a part of this sugar, but the bulk of it, to prevent 
hyperglycemia, is promptly excreted by the kidney. 

The presence in tome cnees of bronxing, u in Addison’s disea se, 
i.e., the dlabSts bronxA of Hanot and Chaumurd (1882), clearly points 
to adrenal Insufficiency. Their opinion that cirrhosis of the liver is 
always p res e nt has been Invalidated In rerant yean, Abbott,"* Murri,"* 
Babe" and others having reported cnees in which it did not prevail. 

■Asthor'a cosrliMfaa. _ 
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Auscher, Gilbert, Opto, Chauvoaii and KaufTnuuin and othera hare met 
the leeue by enuddering the gtycnmia aa a simple complication of h»mo> 
ehromatosls. But the cause of the latter phenomenon was left unan¬ 
swered. Ibis answer Is afforded, however, % inhibition of the adrenal 
functions. Not only Is bronalng caused, aa is well known, by such a 
condition In Addison’s disease, but we have seen that removal of these 
organa produced hmmochromatosis, and as shown by the experiments of 
S&lnet, a general invasion of the whole organism by bronae pigment. 
The adrenals themselves may be Involved in the process, as shown by 
cases reported by various observers. In a case of diabetes reported by 
Kuhn*" coinciding with cancer of the breast, the right adrenal was found 
to be the seat of metastasis. Barth," de Maasary* 1 and many other 
o b servers have reported ca s es of glycosuria in which bronzing was pre¬ 
sent. Lipina** obse r ved a marked case of diabetes and hyperglyneniia 
in which the right adrenal was the seat of a larg? sarcoma. Miml“ 
observed a typical case in a woman whose entire body, except the soles 
and palms, was bronsed. 

In keeping with this class of eases are the many In which lesions 
of the sympathetic paths and ganglia are present, thus Interrupting 
the impulses from the pituitary to the adrenals. Tlius, Scummy** 
refers to 4 cases in which the semilunar ganglia were found diseased. 
Thiroloiz, Sandmeycr,** Cavaxunni** and others have since reported cases 
la which the sympathetic structures were deeply involved. 

Myx(edema, interpreted from my standpoint,* 7 is the typical syn¬ 
drome of failure of the adrenal system. Talbot Jones,*" in a clinical 
paper, concluded over ten years ago, that "there are striking patho¬ 
logical analogies between true dialietes and myxirdema,” and that "in 
the latter disease, success has also attended lmtli injections and thyroid 
grafting—a success achieved not only in animals, but also in man.” 
That the two conditions may occur simultaneously is shown by 2 cases 
reported by A. Gordon*" In brothers, in both of which thyroid extract 
proved highly beneficial. Conversely, we have seen by the ca s es of 
Ewald ana Strasser that when glycosuria does not exist in such cases 
it may be brought on by giving thyroid extract, i.e., by stimulating too 
vigorously a torpid adrenal center.* This involves an important dis¬ 
tinction when treatment is to be instituted. Wc will see that it is only 
in the asthenic type that thyroid extract is indicated, and that aa ob¬ 
served by Murreu*" "its administration should be maintained just aa in 
myxoedema." 

The asthenic glycosuria due to traumatism is the result of 
concussion of the tentorium commune, i.e., the aggregate o' 
highly differentiated centers of the posterior pituitary, of which 
the sympathetic center ia the most sensitive.* As a result of 
this concussion and the general shock it entails, the vessels are 
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relaxed, and, blood accumulating in the larger vessels and de¬ 
pleting the capillary system, the functions of the pancreas and 
liver, among other organs, are inhibited.* Traumatic glycosuria 
may be temporary, but it may also persist and ultimately ter¬ 
minate the patient's life, owing mainly to gradual atrophic de¬ 
generation of the pancreas similar to that observed in asthenic 
glycosuria due to other causes.* 

Injuries may also, by causing concussion of the pituitary 
body and inhibition of what functional activity a diseased pan¬ 
creas may still retain in an advanced case of diabetes,* hasten 
the fatal termination of that case. 


That general concussion—including the most delicate centers of 
the organ! m, those of the pituitary body—should attend traumatisms 
Is suggested by the general asthenia observed in such cases. The promi¬ 
nence of nervous phenomena, which has caused this form of glycosuria 
to be included among the traumatic neuroses, points in the same direc¬ 
tion. Ebstein," 1 in reporting a case of fatal diabetes due to a general 
concussion received during a railway accident, concluded after a com¬ 
prehensive study of the subject, that "numerous cases recorded In medi¬ 
cal literature show that lietween trauma and diabetes, as well as between 
trauma and functional disturbances of the nervous system, there exists 
a causal relation.” If we were dealing with cerebral concussion, mental 
phenomena should develop at once in every instance; but such is not 
the case. The unconsciousness of shock is due to depletion of the cere¬ 
bral vessels, somnolence likewise, melancholia to hyponutrition—all con¬ 
ditions which bring us back to the sympathetic center. We have seen 
also that in acromegaly all disorders of sensibility are traceable to the 
neural lobe of the •pituitnty body. As stated tty Bernstein-Kohan," 
after a study of 4B cases, disturbances of sensibility are frequently ob¬ 
served in cases of diabetes following injury. That fatal diabetes may 
occur without injury of the bulbar centers is illustrated by a case of 
Vagal's mentioned while discussing a paper hy Zlcmssen*" In which it 
followed the fall of a beam on the neck. The glycosuria which appeared 
a few weeks after the injury was ascribed to concussion, of the spinal 
cord, though no_ lesions were found in this organ or in the medulla. 
That its governing center, the pituitary body, should have borne the 
brunt of the shock seems logical in view of the fact that the slightest 
irritation of this organ, as shown by the e xp eriments of Cron and 
Massy."* will bring about widespread vascular phenomena. 

It Is generally impossible to assert that sugar was not present in 
the urine before the injury was received. Loianel"* reported a case, 
however. In which the urine had been examined—owing to a slight gas- 
trie disorder—with negative result, two months before the injury, a fall 
on the back, was received. Within a few weeks after the latter, glyco¬ 
suria developed and the patient died of diabetic coma two months later. 
In such a case the slow—and many of the same kind are available In 
literature—process of hyaline degeneration and fibrosis of true diabetes 
has no time to occur. 
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Tbs entire history of such cues points to shock end Inhibited func¬ 
tion end nutrition. Suggestive In this connection is the feet that trau¬ 
matisms of the head are more frequently followed by glycosuria than 
when located elsewhere. In Bernateln-Kohan'e series of 45 cases, 85 
were due to hea d Injuries. Higgins ahd Ogden, 0 * in a study of 818 
reported cases of traumatism of the head, found that glycosuria had been 
present in 80. 

Asher* 1 and other authors place the spine and sacral region imme¬ 
diately after the head. Shock, asthenic and inhibited function are well 
exemplified by one of von Hadden's 9 "* cases, a fall on the head—there 
was extreme weakness and emaciation. Immediately after the fall, the 
patient suffered from intense thirst, and his urine contained 7 per cent, 
of sugar. 

That shock and inhibited function are also the pathogenic factor In 
true diabetes Is also shown by recorded cases. Kpitser,“ for example, 
instances a woman who had suffered from dinbetes for five years, and 
who developed coma three hours after fracturing her clavicle; sodium 
bicarbonate administered in large doses did not prevent a fatal issue. 
Lltten 9 * reported the ease of a diabetic who fell anil bruised his testicle; 
some days afterward he developed acute digestive symptoms, and died 
of coma ten days after the accident. 

Fright usually causes but a temporary glycosuria. Lorand,* 11 how¬ 
ever, reported two eases which proved fatal: one in a woman of 35 
years, who had been well before the fright was experienced. Weakness 
appeared the same day; polyuria and glycosuria (7 per cent.) five days 
later, followed by death in one year. The second occurred in a girl of 
16 years, also In perfect health before the fright. Hoon afterward gastric 
disorders and emaciation occurred and her urine ultimately showed il 
per cent, of sugar. The case proved fatal in a few months. 

The history of these cases clearly points to the nature of the mor¬ 
bid process. As stated by Ilerter ** 9 in respect to the glycosuria follow¬ 
ing head injuries, it must be assumed either that tlio pancreas Is also 
involved, or that the circulation in the liver has liecn permanently 
chqpged In such a way that no carliohydrate can Ik stored. Interpreted 
from my standpoint, the central shock impairs the nutrition of the pan¬ 
creas, and its functions being inhibited, the alimentary starches are 
directly converted into sugar and eliminated precisely os is the ease 
after removal of the pancreas. 

It is ill this form of glycosuria that the pancreas is often 
found free from lesions post-mortem, while in the eases of rela¬ 
tively prolonged duration, the organ presents all the evidences 
of atrophy. 

The absence of lesions of the pancreas in cases of diabetes has led 
Hansemann 9 * to classify them separately. As such a group would con¬ 
tain eases of incipient diabetes os well as cases of asthenic glycosuria, 
such a subdivision is not desirable. Nevertheless, it emphasises the fact 
that glycosuria is often unaccompanied by pancreatic lesions. William- 
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■on 1 ** in a. series of IS cues In which autopay waa performed with espe¬ 
cial cere, maeroeeopioaliy and microscopically found the panorosa normal 
in- 7 inffrmwf and the aeet of simple atrophy in 2. In 28 autopsies 
mentioned by If. B. Schmidt* - the pancreas waa normal in 8 and mark¬ 
edly atrophied in only 1 instance. MoHard*** also reported a eaae of 
wasting diabetee in which the pancreas was found in a perfectly healthy 
condition. 

Treatment.—That the indications in asthenic glycosuria 
should be precisely the converse of those of the sthenic type, 
diabetes mellitus, is now self-evident. 41 Thyroid gland irrespec¬ 
tive of the cause of the asthenia may be given in 1 grain (0.06 
gm.) doses three times daily. 

The failure of the adrenals also indicates the need of com¬ 
pensative treatment. This is best supplied by means of the 
hypophysis sicca (U. S. P.) which from my viewpoint owes its 
lasting effects to the adrenal constituents the posterior lobe of 
the pituitary contains. It may be given in %o grain (0.0016 
gm.) doses three times daily during meals, along with the thy¬ 
roid gland. 

The use of thyroid gland In glycosuria has been practically aban¬ 
doned, owing} to the fact that it increased the excretion of sugar in many 
instances. The reason for this is self-evident in the light of my views: 
it was used empirically, and as the majority of cases of glycosuria are 
of the sthenic type, the trouble was aggravated. In true asthenic oases, 
however, it ie quite effective. Thus, LSpine” obtained marked improve¬ 
ment in the ease of an obese patient, although at first the sugar in¬ 
creased. In a case due to shock, in which considerable loss of flesh ^nd 
the typical symptoms of diabetes were present, Murrell” obtained 
marked benefit from thyroid, but its use had to be persisted in as in 
myxtedsma. Under its use health was maintained, tfeugh the patient 
“did not diet herself." J. McNamara” found that thyroid extract was 
able to cause disappearance of the sugar in such cases, several of which 
he had had occasion to treat. He concluded that, inasmuch as there waa 
diminution of fat, the thyroid produced ita beneficial effects by promot¬ 
ing metabolism. 

A striking confirmation of the valne of adrenal stimulants 
in a class of cases which can only be of the asthenic typo* is 
afforded by the recognised efficiency of potassium iodide in some 
cases, especially those clearly traceable to syphilis. An impor¬ 
tant distinction is necessary here, however. We have seen that 
large doses, by sensitising the depressor nerve, inhibit the func¬ 
tions of the pituitary body and of the thyroid apparatus.* The 
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belt effects are -obtained in asthenic glycosuria by giving small 
doses of iodide^ namely 5 grains (0.3 gm.) in a glassful of water 
after meals, and gradually increasing the dose until 10 grains 
(0.6 gm.) are administered in the same manner.* The bin- 
iodide of mercury is preferable when the centers require more 
active stimulation, >/„ grain (0.004 gm.) three times daily, care¬ 
fully watched, to prevent salivation.* 

The statement in text-books that iodine or the iodide* nhnuld not 
be given after meals because it forms an iodide of starch'with tliat con¬ 
tained in bread, vegetable*, etc, is not simtained clinically. I have 
seen iodism caused If one-drop doses of pure iodine thus given. The 
value of the iodides in the syphilitic form of diabetics requires no evi¬ 
dence. This applies as well to the use of mercury, which, as is well 
known, increases promptly the functional activity of the pancreas (fay 
increasing general metabolism, 1 would add), the end in view. 

The diet should in no way be reduced in such eases, unless 
some carbohydrate, whether starch or sugar, be Found to sustain 
the glycosuria, the aim being to enhance the vital process. Tonics 
are in order, especially strychnine and quinine, which stimulate 
both the vascular and adrenal centers.* The desiccated adrenal 
gland (glandules suprarenales sicca of the IT. S. P.) is very 
effective in these cases. The best results are obtained when the 
diagnosis of asthenic glycosuria has been carefully established, 
by a giving the thyroid gland, 1 grain (0.06 gm.) adrenal gland, i 
grains (0.13 gm.) and strychnine, l / t0 grain (0.00165) together 
in a capsule, during, i.e„ in the middle of each meal. 
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THE INTERNAL SECRETIONS IN THEIR RELATIONS 
TO PATHOGENESIS AND THERA¬ 
PEUTICS (Continued). 


THE ADRENAL BYSTEM IN THE INFECTIOUS DISEASES OF THE 

LUNQS. 

Tuberculosis, unlike cancer and pneumonia, shows a 
steadily diminishing mortality, thanks mainly to the painstaking 
labor that has been devoted to its prophylaxis. About one death 
in'seven is still due to this fell disease, however, and when the 
fact that it assails mainly adolescents and young adults is taken 
into account, it may, without reserve, still be regarded as the 
greatest enemy of mankind. 

That the adrenal system plays a rdle of the greatest magni¬ 
tude in the cure of tuberculosis was suggested in the first vol¬ 
ume. As to predisposing conditions, I stated (1903) therein: 1 
"Insufficiency of the adrenals” .... "by reducing the oxida¬ 
tion processes correspondingly reduces the nutrition of the pul¬ 
monary tissues: a predominating feature of phthisis;” again: 3 
"It is not in the lungs, therefore, that the primary endogenous 
cause of the disease must be sought, but in the adrenal system.” 
As to the mode of infection, I emphasized the fact* that "as soon 
as the tubercle bacillus is admitted, it becomes an additional 
source of adrenal insufficiency” through toxins "which react 
upon the anterior pituitary body precisely aa would any other 
equally virulent poison.” As to treatment, I urged that "medi¬ 
cation calculated to raise or develop the functional activity of 
the adrenal system tea high standard-must, in the light of the 
views submitted, not only prevent the development of pulmonary 
or any other form of tuberculosis, but arrest it in its earlier 
stages.” The rdle of Koch's tuberculin in the diagnosis and 
cure of the disease was also stated 4 to give rise to a "febrile reao* 
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ttan when a tobercnlona process is present, because it adds to 
the toxic elements incident upon the disease, a new source of 
adrenal activity/ 1 .... "Spurred to unusual energy by the 
tuberculin, the adrenal system excites a correspondingly active 
metabolism in all cellular structures, including those endowed 
with leucocytogenesis. Phagocytes and alexins are produced 
in profusion, the fixed endothelial and the connective-tissue cells 
contributing their share to the production of the latter, and 
there » thus constituted a serum which confers upon the treated 
individual a degree of immunity commensurate with the degree 
of the reaction produced in the adrenals.” 

All these statements were published in January, 1903. We 
have seen how accurately the able researches of Sir A. B. Wright 
harmonize with and sustain them, though this observer was un¬ 
aware of the source of the "internal secretion” which he con¬ 
siders as the “bacteriotropic” or immunizing substance, which 
accumulates in the blood after tuberculin inoculations. We will 
now see that the vicwB I advanced over four years ago are sus¬ 
tained by the suggestive fact that they account for every phase 
of the morbid process and for many isolated experimental and 
clinical observations which have only tended—without the 
adrenal system—to increase the complexity of the question as a 
whole. 

The evidence submitted in the following pages appears to 
me to show conclusively that the disease is not the unconquer¬ 
able foe that it is generally thought to be, and that with the 
adrenal system as the foundation of the curative process, and 
remedies which, as I have shown, can control the workings of 
thia system, and through it the body’s bacteriolytic and anti¬ 
toxic agents, we «m and should curb the disease and finally 
obliterate it. 

PULMONARY TUBERCULOSIS. 

Synonyms. — Consumption; Phthisis; Phthisis PvJmon- ^ 

aUs. 

Definition.—Tuberculosis is due primarily to the presence 
and multiplication in the body of Koch’s bacillus tuberculosis. 
Its characteristic phenomena are provoked by two endotoxins 
which the dead body of this bacillus liberates: (1) a poison 
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of unknown identity wliich depresses directly the teet-organ and 
through it the adrenal system, thus inhibiting the protective 
functions of this system; (2) a nucleo-proteid rich in phos¬ 
phorus which, when in contact with pulmonary or other living 
tissues, abstracts their oxygen, thus forming areas of necrosis. 
The tubercles which characterize this disease are coverings for 
the necrosed areas and the remnants of tire pathogenic organ¬ 
isms, but which, if some , of the bacilli be still living, may be¬ 
come centers of infection.** 

Symptoms and Pathology. —The early signs usually de¬ 
scribed are in reality those of a fully developed disease, when 
local lesions are sufficiently marked to compromise the issue. 

A more or less purulent expectoration, the haemorrhages, etc., 
point to a process of disintegration, £. 0 ., to a period in which 
infection has made considerable headway. 

Notwithstanding the diagnostic value of the tubercle bacillus, to 
await the demonstration of. its presence in the sputum, as is so often 
done, before establishing a diagnosis, is to compromise the patient’s life. 

When the symptoms are sueli as to suggest the need of examining 
the sputum, they are sufficiently threatening to impose upon the phy¬ 
sician the duty of instituting at once measures that will tend to arrest 
the lethal tread. The absence of tubercle bacilli in the sputum docs 
not prove the absence of the disease. 

The incipient or first stage in due primarily to insufficiency 
of the ductless glands. Hence the lowered nutrition of the body 
at large, as shown by a more or less rapid emaciation, general 
weakness and several other early symptoms. There is often 
marked pallor of the skin and mucous membranes, especially 
tliose of the palate and larynx; a tendency to hypothermia (re¬ 
placed by fever when the morbid process is more advanced), cold 
extremities and sensitiveness to cold, particularly in young girls 
and children, the temperature declining one or two degrees (F.) 
at various times of the day, or remaining low, days, or even 
weeks, at a time; a febrile tachycardia, the pulse being from ten 
to twenty beats higher than normal, associated with lowered 
.blood-pressure and, in ca s es in which the latter symptom is 
marked, passive sweating. 

That the deficient nutrition ia primarily due in this disease 
to an inadequate supply of adrenoxidase* ia shown by the readi- 
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BeM with which such a condition accounts for the symptoms. 
Thus, a deficiency of oxygen, by reducing the functional activity 
of all organs, must inhibit digestion, leucocytes is, and reduces, 
therefore, the amount of food taken by the leucocytes from the 
alimentary canal and carried to the tissues, thus causing emaci¬ 
ation.* The muscular tissues being insufficiently nourished, 
weakness follows. The muscular coats of the arteries and 
veins being similarly influenced, they relax, causing lowering of 
the blood-pressure, while this fall, in turn; causes accelera¬ 
tion of the heart’s action (Moray's law), i.e., tachycardia.* 
When the muscular debility is excessive, relaxation of the spiral 
muscles of the sweat-glands gives rise to sweating—especially 
at night, when all the muscular elements are most relaxed.* 
All these symptoms are also due in part to the recession of blood 
from the periphery and its accumulation in the large internal 
vessels, especially those of the splanchnic area, as a result of 
the general vasodilation.* The capillaries of the skin being thus 
rendered ischaemic, the pallor, hypothermia, sensitiveness to 
cold, etc., are markedly aggravated.* 

Of all these symptoms, those most frequently met with dur¬ 
ing the incipient stage are the rapid pulse and tachycardia, 
emaciation, pallor of the skin and mucous membranes, slight 
cough and lassitude. When they are encountered in a sub¬ 
ject predisposed to the disease through inheritance, or who has 
been exposed to contamination, the case should be considered 
as one of tuberculosis as far as treatment is concerned.* The 
diagnosis becomes positive, however, irrespective of the absence 
of tubercle bacilli, when in addition to these signs, the muscu¬ 
lar atrophy is sufficiently marked to cause cog-wheel inspiration, 
drooping of the shoulders, with diminished expansion espe¬ 
cially marked in the infradavicular space, and abnormal projec¬ 
tion of the scapula; and if, moreover, one of the tuberculous 
stigmata, a long, narrow, cylindrical or flat thorax, cutaneous 
tuberculosis, anal or ischio-rectal fistula! and especially enlarged 
axillary glands in adults and the tracheo-bronchial glands in 
children, is present.* 

These various phenomena (those given in italics) consti¬ 
tute eollectiyely an autonomous symptom-complex differing 
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from the stage next to be described in that every symptom 
exemplifies organic weakness. The incipient stage, therefore, 
is essentially one of functional depression.* 

The emaciation, weakneae, amentia and pallor are familiar symp¬ 
toms owing to their persistence throughout the disease. The important 
feature in this connection, however, is to detect them before the onset 
of the pulmonary lesions. 

- That Impw nutrition is closely related with an abnormal state 
of the blood is shown by the state of the latter. Grawitx* found that 
at the onset of the disease, there was diminution of the red corpuscles. 
Bachford* in 41 convent girls exposed to tuberculous contagion averaged 
03 per cent, of hs'irsglobin; he asserts that pronounced amentia in 
young convent girls of tuberculous stock warrants a diagnosis of tuber¬ 
culous. Appelbaum 1 found that particularly in tall, rapidly growing 
youths with a poorly developed chest “anamia is present in the first 
stage of tuberculosis; the erythrocytes are diminished in number, the 
hnmoglobin is reduced, the specific gravity is lessened and ooagulation 
is delayed.” Ullom and Craig* also found that before the formation 
of imvities, the decrease of erythrocytes and a relatively greater decrease 
in hmnoglobin were constant. Hypothermia, cold extremities, etc., are a 
normal outcome of sueh a condition; as observed by Weill,* Vargas and 
Nflgrifl" and others, it is especially marked in children and adolescents. 
Holmes 0 regards the “subnormal morning temperature” as an Important 
sign. 

The diminution of the general nutrition is made evident not only 

S r emaciation, but often by atrophy of the muscles. Bompard“ observed 
mfnutlon of volume, subsidence of prominences of the body, exaggera¬ 
tion of hollows, loss of strength and diminution of electrical contractil¬ 
ity, and advises chamber gymnastics “to combat this form of muscular 
debility, which is common particularly at the outset of the disease.” 
Carcassonne 1 * illustrated by a number of cases that atrophy of the 
scapulo-thoracic muscles was evident before percussion or ausculatlon 
revealed any sign of tuberculosis. De Rensl and Coop, 1 * by means of 
Mosso’s myotonometer, found the muscular tonicity reduced from the 
start, even though nutrition appeared normal. Cecconl“ claims that it 
announces an early active manifestation of the disease. 

The heart is Influenced in the same manner, as shown by its dimi¬ 
nution in sise. This phenomenon, first observed by laennec, has ever 
since occupied a prominent place in the pathology of tuberculosis. Louis, 1 * 
who found it in 100 out of 112 cases, Bisot, Rokitansky, Brehmer 1 * and 
other equally prominent clinicians have, in fact, attributed phthisis to 
its influence, u. W. Norris 1 * in an able paper on the subject, referring 
to post-mortem findings at the Phipps Institute, states that they tended 
to show that “in uncomplicated ca ses of pulmonary tuberculosis, the 
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haart is subnormal in alas in quite a considerable number of naans." an 
observation also strongly sustained fay a fluoroscopic study of BO cases 
by Bouc h a r d and Baltnasard.** Norris lays stress, moreover, on the fact 
that “the heart of tuberculous individuals is often small, not as the 
result of hyperplasia, but from atrophy or degeneration of its substance.” 
This feet, he adds, “has long since been sufficiently pointed out by Louis, 
Andral, Kidd, Bennet, Quain, Struiupell, von Leyden, and has beert 
observed by all who have given attention to the matter.” That deficient 
general nutrition is the underlying cause of this condition has been 
emphastead fay Brehmer, Potain and others. 

Interpreted from my standpoint, an additional eause for the small¬ 
ness of the heart prevails. A prominent symptom of tlic incipient stage, 
we have seen, is a low blood-pressure. Thus, Marfan" found it sub¬ 
normal in B7 per cent, of the cases examined. domino" also states that 
while "the normal pressure in a healthy man is 15 to 18 c.in., in 
incipient tuberculosis it falls to 13, 12 or even 10 c.ni.,—a fact 
noted h? many investigators. If wo recall that this entails accumula¬ 
tion of the blood in the great central trunks, t.c., the splanchnic area, 
at the expense of the peripheral circulation, it will become apparent 
that the volume of blood which the heart hus to transmit to the peri¬ 
phery each time it contracts, must be correspondingly reduced. As 
a result its expansion or diastole is diminished (its systole being 
commensurate with the reduced volume of blood) and it carries on 
its functions in this semi-contracted state months, and doubtless years 
in most instances.* That it should be found in this state posf-mortrm, 
especially when inadequately nourished during a corresponding period, 
is self-evident. 

The rapid pulse or tachycardia, a sign to which many clinicians, 
including Potain, Leyden, Cornet and Loomis, attach great importance, 
is closely related to this process. It is a constant accompaniment of low 
blood-pressure, the two phenomena being related through a nervous 
mechanism. Thus, Leonard Hill" states that “if,” as pointed out by 
Many," “all the cardiac nerves be intact, a rise of arterial pressure 
always slows the heart, rnd a fall accelerates it.” The nature of this 
functional relationship asserts itself when the reduced volume of blood 
projected by the heart with each systole is taken into account: it is 
to compensate for this reduced quantity that the cardiac pulsations 
are reflexly increased, the purpose being to raise the quantity of blood 
pasaed through the lungs within a given time up to the normal standard.* 

The accumulation of blood in the large trunks of the splanchnic 
area by depleting the peripheral capillaries is, aside from the diminution 
of red corpuscles and nwmoglobin, an important factor in the production 
of all symptoms of the incipient stage, f.c., pallor, hypothermia and 
chilliness, muscular weakness and atrophy—besides the tachycardia in 
which, we have seen, it ploys a leading rOle.* 

This general adynamia Is the result of two concurrent fac¬ 
tors: the first of these is the presence in the tubercle bacillus 
of a toxin (an endotoxin, since it is active after death of the 
bacillus) which depresses the sensitiveness of the test-organ.* 
The functional activity of the adrenal system being inhibited 
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in proportion, general metabolism is inadequate.* This entails 
also deficient formation of auto-antitoxin and a corresponding 
fall of the bacteriolytic and* antitoxic properties of the blood.* 

This la well shown by the preliminary effect of tuberculin, as 
demonstrated by Sir A. EL Wright, who states, 11 referring to hla own 
observations: "Upon the Inoculation of 4he vaccine there supervened a 
period of Intoxication which Is characterised by a do oline In the anti¬ 
bacterial power of the blood. This negative phase Is more or lew pro¬ 
longed according as a larger or smaller doee of the vaccine is inoculated." 
That this action is due to active depression, by the germ or its endo¬ 
toxin, of organic functions Is made apparent by the fact that, as stated 
by Professor laikla" In reference to Wright's investigations: “It is 
found that injection of small doses of Tuberculin T. £ [an emulsion 
of dead tubercule bacilli]. causes first a temporary fall in the opsonic 
index, lasting from a few hours to as much as 14 days, and that this 
fall is followed by a prolonged rise. This action is presumably exactly 
the same as that caused by the products of bacterial activity in the 
course of phthisis, the characteristic feature of which 1 b that to the early 
stages you find periods of activity alternating with periods of quiescence, 
these alternations being associated with corresponding variations to the 
opsonic index." These alternations are characteristic of the reactions 
of the adrenal system, as are have seen under Epilepsy. We will see, 
moreover, that a similar accumulation of wastes, besides detritus inci¬ 
dent upon the tuberculous process, accounts also for the reaction stage 
caused—indirectly—by tuberculin. That the direct action of tuberculin 
is to depress the test-ornn, is shown fay the fact that De Veeohl and 
Bolognni” found that after inoculation with tuberculous material, the 
chtomatophile cells of the pituitary body showed evidence of hypo- 
function. 


The second cause of adynamia is due, even in this, the 
incipient Btage, to the presence in the lungs of sufficiently ad¬ 
vanced lesions to reduce markedly the intake of oxygen. 

Insidiously, or giving rise perhaps to a slight though stub¬ 
born reflex cough, tubercle bacilli have been, for some time be¬ 
fore the symptoms enumerated appear at all, destroying the 
functional activity of the air-cells or alveoli. Here they caused 
the formation of tubercles, small nodules varying in sixe from 
that of-a pin-point to that of a millet-seed. Located from the 
first in the delicate partitions that separate the minute saccules 
or air-vesicles of an alveolus, they gradually increase in number 
until the latter and the terminal bronchiole leading to it are 
filled with them. As tubercles are being formed simultaneously 
in many alveoli, entire lobules (which contain several alveoli) 
axe finally rendered useless, the respiratory area of the region 
involved being reduced in proportion. Hence the presence of 
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mother major symptom, when the breathing area ia sufficiently 
compromised, vis., dyspnoea, which occurs at first only during 
physical exertion. 

The development of the tubercle is primarily due to the 
local irritation which the bacilli excite in the connective tissue 
and epithelial elements. The irritated spot attracts numerous 
leucocytes, many of which, the polynuclears (some being phago¬ 
cytes), supply the trypsin and nucleo-proteid which, with the 
adrunoxidase and thyroidase secreted by the red corpuscles, 
form auto-antitoxin.* The evident purpose of this process is 
to destroy the germs.* 

The tuberculous process per sc, i.c., the formation of the 
tubercle, is due to the disintegration of the bacilli in tho alveo¬ 
lar walls by the local bacteriolytic elements, and to the libera¬ 
tion of their main endotoxin,—a substance which enters into 
the composition of these germs, and the active principle of 
which is phosphorus .* So great is the proportion of this cle¬ 
ment in the solids of tubercle bacilli that their ashes contain 
over 60 per cent, of phosphoric anhydride. Tho morbid process 
is aggravated, moreover, by the fact that these bacilli actively 
reduce the adrenoxidase at the expense of the tissues.* 

ManUrcl, of Pina." found that rullurr preparation* of tubercle 
bacilli contained, when tlie Imcilli were drail. a toxic sulistanca which 
reaiats the action of time. heut. dcHiccation. sunlight nnil swtric juice. 
He ascertained, however, that it ia not a product of bacillary accretion, 
nor derived from the nutrient medium, liut a- poison in the nuhetanee of 
the hadlluB itaelf, and liberated when the germ ia disintegrated. A 
minute doee of thin poison euRired to cauar “marnamua” and simul¬ 
taneously inflammation and necroeia of the tissues, and other lesions 
typical of tuberculoeie and amentia. On the other hand,. Hammeraclilag 
snowed that the bacilli produced an extract which contained lecithin (a 
body containing considerable phosphorus) capable of producing death 
In rabbits and guinea-pigs, while Levene" found that the body-suhatance 
of the tubercle oadllus not only contained phosphorus, but a body rich 
in this element: nucleo-proteid. The moat valuable of theae researches, 
however, are those of u. K. do Rchweinits and Marian Dorset." They 
analysed the ash of tubercle bacilli to the amount of 1453 grammes after 
the manner prescr i bed for plants, and found that It contained 55.83 per 
cent, of phosphoric anhydride (P/M, a proportion which was raised 
to 00.80 In a subsequent analysis by de Schweinitx. This obviously 
Indicates that pure pnoapherus enters for a large share in the composi¬ 
tion of these germs. When the rapidity with which they multiply is 
taken into account, it becomes evident that under conditions that favor 
their proliferation in the body they constitute a prolific source- of phos¬ 
phorus. 
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That tubercle bacilli are pathogenic owing to their phoapborus 
(doubtleee in looee combination with other constituent) ie shown by 
the similarity of their effects to those of chronic phosphorus poisoning. 
Phosphorus, as is well known, arrests local nutrition. While uau" am) 
others found that this was due to oxidation of the element, ArakP* 
showed that lack of oxygen wan a prominent feature of general phos¬ 
phorus poisoning; This observation, according to Cuahny," “confirms the 
impression of many earlier writers." This author also states that “as 
soon as it ie oxidised, phosphorus loces its specific action”—thus restrict¬ 
ing to the element Itself we morbid phenomena witnessed. Comparing 
these phenomena with t h ose of the Incipient stage of tuberculosis—-due, in 
my opinion, to the bacterial (a loosely combined) phosphorus—the 
analogy la striking. The coagulation-necrosis caused by we tubercle 
bacillus is a counterpart of that caused by phosphorus. As to the 
anamia and diminution of red corpuscles and hemoglobin, Vogel," 
d'Amors and Falconet and others have recorded similar effects in 
phorus poisoning. The low blood-pressure and rapid heart-beat are like 
wise present in the latter condition, as observed by Pouchet and Cheva¬ 
lier," who also noted that large doses of phosphorus (orthophosphorio 
add being used) more than doubled the heart-beats. Precisely as is 
the ease fit tuberculosis. Pal" found that the low blood-pressure was due 
to dilation of the vessels. Magitotf includes among the symptoms of 
chronic poisoning in French match-factories, wasting of the tissues. 

That it is the oxygen of the adrenoxidase that is consumed in 
the process is also evident. We have seen that Appelbaum found that 
in tuberculosis the coagulation of the blood was delayed—a phenomenon 
due to deficiency of coagulating ferment, te., adrenoxidase; now 
Cevidalli" also found “diminution and disappearance of the coagulating 
ferment” in slow phosphorus poisoning, while Araki" observed that 
the coagulability of the blood was so reduced in some instances that it 
remained fluid forty-eight hours or more. 

The formation of the tubercle, therefore, requires the death 
of the bacilli, thus liberating their principal constituent, phos¬ 
phorus.* This element, owing to its intense affinity for oxygen, 
becomes oxidised at the expense of what adrenoxidase may be 
present, bnt when this source fails, it takes up that of the under¬ 
lying cellular elements (of the previously irritated area) and 
provokes a local coagulation necrosis.* Hence the almost in¬ 
variable absence of even dead bacilli in the necrotic center of the 
tubercle, though they may be present in large quantities in the 
immediate neighborhood.* ThiB central area contains, however, 
granular masses composed of disintegrated cell-nuclei and the 


* Author'a amcluato*. 

"Cm: TUn da Faria. 1NL 

“ Araki: Bait. f. phyulol. Cham., Bd. xvH, S. SU, 1SM-M; Bd. six, 8. 40. 


"Caahny: “Phono. and Thorap.,” third adman, p. HU, m 
•yocvl: Arch, tutor. depbarm. at da th«rap.. T. x. loan. Ill at Iv, 
gd'Amorc and Mcono: Arch. dapharm.do Oand, vol. I. p. ut. 104. 

■ Pouchet and Chevalier i. Bull. Kb. do thdrap., vol. cl, p. MS. IMS. 

vol. xvlU, Pt-lv.pp.M4, m. Til, ISO; 


a wwu MUh ouu viHTBinrs buii, UUBi ad th^TlD., 

" Pol: Wiener kiln. Woch., Bd. lx, S. Mt” lM. 

■ Maxi tat: Tharap. Quo., - " — 

■ Oaridalll: Rlfor— — 

■AnU: Aon. cm. 



FOXiKONABY TUBERCULOUS. 


1617 

remain! of necrotic tisane. Surrounding it is the so-called "gran¬ 
ulation-tissue” rone .which in reality is mainly composed of the 
leucocytes previously referred to and their used products. Thus, 
the framework of this cone is a network of fibrin, a substance 
formed,, we have seen, when nucleo-proteid and fibrin ferment 
(adrenoxidase) combine to form a clot.* In this network are 
imbedded the leucocytes, remnants of fibrous tissue, granulation 
cells and their nuclei, the whole forming around the necrotic 
focus a loose capsule which gradually fades into the surrounding 
normal tissues or, as is usually the case, merges with adjoining 
tubercles. 

This entire process is on inflammatory one from start to 
finish.* This is further shown by the presence in most in¬ 
stances, of giant-cells, which occur in other conditions as 
sequels of inflammation. They consist of a large mass of pro¬ 
toplasm containing numerous nuclei, and arc similar to the 
giant-cells of bone (osteoclasts) known to be phagocytic. As 
they surround the tubercles, and project pscudopodial processes 
into them, while, moreover, they often contain detritus, bacilli 
and disintegration products of the latter, their evident function 
is to act as phagocytes in order to remove, if possible, the tuber¬ 
cular mass. 

If this auto-protective process fails to be carried out suc¬ 
cessfully,* as is often the case in animals, and when the forma¬ 
tion of tubercles is rapid, the central necrotic mass becomes 
caseous, a feature which tends to cause confluence of a group 
of tubercles. TJndcr these conditions a more active auto-pro¬ 
tective process is awakened,* t.e., fibrous encapsulation. This 
is brought about by the growth, around each tuliercle or aggre¬ 
gate of tubercles, of cellular connective tissue which gradu¬ 
ally becomes more fibrous as its cells disappear. Connective 
tissue bands and a thick, fibrous network soon invest the entire 
tuberculous mass, enclosing necrotic tissues, cell-remnants and 
even the giant-cells, in their grasp. The caseous material dries 
and shrinks, and is finally transformed into a calcareous and 
gritty wM«as enclosed in a fibrous cicatrix, which sometimes in¬ 
cludes considerable of the surrounding tissues. 
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The large proportion of phosphorus that the tnberole bacilli 
tain baa suggested that thdr M&fanicity might be due to the need 
of phoephorui aa food. The fact, however, that they are tar more patho¬ 
genic when dead, conclusively eliminates such a conclusion. 

Koch" showed that dead tubercle bacilli, when Injected subcu¬ 
taneously In guinea-pigs, produced an abscess. Prudden and Hodenpyl" 
not only confirmed this result, ascribing the action to a “ barter io-proteln” 
liberated when the bacilli were disintegrated in the tissues, but they 
obtained,- after intraperitoneal or pleural injections of an emulsion of 
bacilli, nodules of various dimensions. The center of these nodules, 
composed of epithelioid and giant cells, contained tubercle bacilli in abun¬ 
dance, Imbedded in creamy material and surrounded by fibrous tissue.' 
This was confirmed by Straus and Qamaleia," by Vlssman," who con¬ 
cluded that "tubercle bacilli, though dead and therefore deprived of the 
power of growth and metabolism, can still originate alterations in the 
tissues resembling in every detail tho structure of a fresh tubercle;” 
by Alfred Masur," whose experiments showed that “the bodies of dead 
tubercle bacilli contained toxic substances which are to be regarded as 
the cause of the changes in the diseased organs;” and finally by Stewart 
Stockman," who found that the soluble products of the tubercle bacillus 
produce little effect on the healthy organism and that the dead bacilli 
are far more active than the soluble products. 

Again, if these leoions are due to the phosphorus of the disintegrated 
bacilli, they should correspond with the local changes produced by this 
element. Referring to phosphorus, Cushny" writes: "Another feature 
in phosphorus poisoning, which Is, however, better seen after repeated 
small doses than after a single large one, is the proliferation of the inter¬ 
stitial connective tissue of the stomach, liver and kidney, which finally 
Induces topical cirrhosis of these organs.” Baumgarten," on the other 
hand, defines a tubercle as "the result of proliferative and exudative 
changes.” Cushny also says, referring to the action of phosphorus vapor, 
that "many pathologists now regard this proliferation as a secondary 
result of the necrosis of parenchyma cells.” Abel," on the other hand, 
"by tbe Injection of deed tubercle bacilli into the trochees of rabbits, 
found, after twenty-four hours, white isolated areas in the bronchi and' 
alveoli made up of round cells, among which were the bacilli; twenty- 
four hours later them were neurotic and epithelial proliferation had 
begun.” E. R. Le Count," from whom paper Abel’s lines arc quoted, 
remarks: “Tlins we find, in marked contrast to one another, a liqurfac¬ 
tive necrotic, which we recognise under the more common tom of suppura¬ 
tion, formation of fibrous tissue and a necrosis without liquefaction — 
three distinct processes differing from one another anatomically and 
histologically, and having for their etiological factor the poisonous sub¬ 
stances present in the bodies of the dead tubercle bacilli.” Them three 

S r o c ease s are also peculiar to chronic phosphorus poisoning, the liquefao- 
ve necrosis being especially marked in osseous tissues. I jb Count also 
states that fibrin (composed, we have seen, of nueleo-proteid and 
Sdrenoxidase) is "constantly present” in the tubercles of guinea-pin 
and that "the frequent presence of fibrin in genuine tubercle nodules In 
human beings has been demonstrated by Werneck de Aquilar In Baum- 
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■titM** laboratory.” The pretence of fibrin la, in fact, generally men. 
uoned in text-books. Even the fibrous encapsulation of the tubercle 
finds ita counterpart in the fibroue indurations which terminate the 
curative process In lesions caused by phosphorus. 

Suggestive in thia connection is the predilection of match workers 
to phthisis. J. Ewing Hears" states that “in many there is observed 
a gradual deterioration of physical condition as manifested in loss of 
flesh and vigor.” In the only three fatal cases to which lie refers, “the 
immediate cause of death was phthisis.” Ralph Stockman" states that 
the phosphorus fumes to which mateh-workers are exposed "consist of 
nhoaphorous anhydride (PA) and some phosphoric anhydride (IV**)”— 
the latter being the form found in the ashes of tubercle bacilli by de 
Sehweiniti and Dorset, as we have seen. After referring to the eases 
in which necrosis affects only the juw-bones, and which recover after 
surgical interveption, he writes: “In other eases, the disease, instead 
of healing, spreads locally, involving more hone, the ]ntient lawmen 
cachectic, feverish, and wasted, and ultimately dies of pulmonary 
phthisis, general tuberculosis or sonic other tuberculous affection.” Con¬ 
vinced by this, and by the fact that, as he states, “the condition generally 
is exactly similar to what is seen in tuberculosis of the jaw in cattle 
and in tuberculous diseaoe of other bones in man,"* he concluded that 
the cause of phosphorus necrosis was the tubercle bacillus, and examined 
the pus from six cases by the Ziclil-Kcelscii method, finding it in each 
instance. He says, however, that “the organisms were few in number 
and difficult to find except on the closest and most careful examina¬ 
tion;” that even after centrifugnliaation and utilixation of the sediment 
"sometimes several coverglaases had to lie examined before any of the 
organisms were seen,” and finally that “inoculation of guinea-pigs with 
the pus did not infect these animals with tubercle.” 

In view of the data I have submitted in the foregoing pages anil 
the fact that, as stated by Abbott." “there is a group of bacilli whose 
numbers are in many respects so like the genuine bacillus tuliereulosis 
os easily to be mistaken for it," and which are “characterised by the 
same staining peculiarities,” while “not all members of this group are 
capable of causing disease,” the germs oliserved by Ralph Stockman 
evidently belong to this benign class. Indeed, it is doubtful whether 
cases or chronic phosphorism are even as vulnerable to infection as 
tile average individual, owing to the immunising influence of their febrile 
state. On the othet hand, when we consider (1) that as Ktockman 
says, “the accounts of post-mortem examinations of fatal coses” show 
that -“in mast eases death occurs from tuberculosis of the lungs” in 
match-workers, and that the fumes of phosphorus which they inhale 
months, or years, finally provoke a genera I disease so similar to pulmon¬ 
ary tuberculosis, that it becomes a question whether toe bacillus of this 
disease is not its true cause, and (2) that toe pathogenic agent of the 
tubercle bacillus, in the light of toe evidence adduced, is phosphorus, 
the conclusion seems warranted that tuberculosis is a phosphorus necrosis 
of the pulmonary tissues, and that the tubercle is naught else than a 
capsule for the necrosed area, calculated to isolate it from the surround¬ 
ing normal tissues. • 

The second stage becomes clearly defined when the deposit 
of tubercles is sufficiently great to modify the normal sounds 
obtained from the chest by auscultation and percussion. 


•'no Italian are nr.ew.-8. 
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The formation of the tubercles usually begins in the pul¬ 
monary structures below the apex of either lung (not neces¬ 
sarily Hie left, as generally believed), or of both lungs simul¬ 
taneously, behind the middle of the clavicle. When sufficient 
area is involved, reliable physical signs may be detected on 
auscultation immediately below the clavicle, above it, and over 
the supra-epinous fossa posteriorly, namely, roughness of the 
inspiratory murmur, coupled with lowering of its pitch, and,* 
when the respiratory field is greatly reduced in the area exam¬ 
ined, muffling of the vesicular murmur with prolonged or blow¬ 
ing expiration. These modifications are mainly 'due to the re¬ 
duction of the caliber of the bronchioles and of the secondary 
air-passages in the cavity of the alveoli, by the tubercles. The 
detection of these signs is facilitated by comparing the sounds 
heard with those of some other part of the lung, especially the 
other lobes which are seldom involved early in the dimaw a. It 
is also only when considerable lung tissue is involved that 
dullness on percussion, the pitch of the notes being somewhat 
raised, and increased vocal resonance —the denser timmiw being 
better sound-conductors—become clearly defined. The cough 
in this stage is marked in proportion as the various factors 
which oppose the elimination of the cxcrementitious materials 
pent up in the alveoli, bronchioles and the rest of the bron¬ 
chial passages—viscidity, mechanical obstruction, etc.—arc 
great. The sputa at this time often contain small grayish-green 
masses which originate from the diseased area are com¬ 
posed mainly of tubercles, broken-down leucocytes, and fibrin. 
Sputum of this kind usually contains tubercle bacilli. 

Dyspnoea , especially marked on exertion, and increase of 
the respiratory rate are prominent symptoms of this stage. 
They are due not only to the diminution of the respiratory field 
owing to obliteration of the air-cells by the tubercles, but also 
to the deficiency of haemoglobin, the oxygen intake satisfying the 
needs of the body only when it is* in repose. Lassitude also be¬ 
comes more marked, owing to the increased muscular weakness. 
The latter condition may now cause interrupted or cog-wheel 
inspiration , the muscles being too weak to expand the chest, 
and doing so by jerks instead of by means of their usual imper¬ 
ceptible contractions. Another result of muscular weakness is 
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dyspepsia, the muscular layers of the stomach being unable ade¬ 
quately to churn ita contents and insure its passage through the 
pylorus.* This symptom is materially aggravated by the defi¬ 
ciency of pepsin—due to the deficiency of oxygen in the blood 
and the resulting torpor of all cellular functions, including, of 
course, those of glandular organs. Diarrhoea t owing to this mor¬ 
bid condition of the muscular, glandular and epithelial elements 
of the intestinal canal, may also occur: n prototype, to n certain 
extent, of the bronchorrhoea so often mistaken for bronchitis.* 
In young girls, the same general adynamia shows itself by ab¬ 
sence or diminution of menses, and in a large proportion of cases 
by' anorexia —an additional source of emaciation and debility. 

Fever is another important symptom of the second stage. 
That it is partly due to auto-protective overaetivity of the 
adrenal system excited by the pulmonary lesions, is shown by 
the fact that although it is of a continued ty]>c, it is attended 
with evening exacerbations, the fever ranging between 99.5° 
and 100.5° F. (37.50° and 38° C.), until it assumes the hectic 
type. It is aggravated, as shown under Treatment, by vascular 
hypertension.* In markedly debilitated individuals the fluctu¬ 
ations may range from a subnormal temperature of 06.5.° F. 
(35.8° C.), for instance, to 99“ F. (37.2° C.). The brightness 
of the patient’s eyes is often sufficiently marked to suggest this 
febrile condition. Profuse night-sweats are commonly observed 
during this stage, but, as in the first stage, they arc the result 
of the nocturnal depression and relaxation of the spiral muscles 
of the sweat-glands, the temperature being subnormal. 

Hamorrhage from the lungs is of frequent occurrence dur¬ 
ing this stage. It is rarely profuse, being due to involvement 
in the necrotic process of an area of capillaries or of some -small 
arterial twig. Although it should excite suspicion when no 
other symptom of tuberculosis is present, it does not necessarily 
indicate the presence of this disease, since it can also be due to 
cardiac disorders, vicarious menstruation, naso-phaiyngeal 
ulceration, sarcoma of any portion of the respiratory tract, 
aneurism, arteriosclerosis and other conditions. Its occurrence 
with loss of weight, dullness at either apex and increased vocal 
resonance, however, suggests tuberculosis. 


•isOWi 
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Hoarseness is occasionally the initial symptom, but ulti¬ 
mately develops in a large proportion ‘of cases. It points gen¬ 
erally to involvement of the larynx in the tubercular process, 
and entails considerable suffering. The larynx should be ex¬ 
amined, and if local tuberculosis is to develop, the tissues over- 
lying the arytenoid cartilages or the epiglottis will appear (ede¬ 
matous and swollen. Spots of ulceration may also be present, 
but these ore more opt to occur in the interarytenoid space. 
Pains in various parts of the chest, changing from one place to 
the other, but frequently located in the back and in the region of 
the scapula, are sometimes complained of. Pleurisy is a fre¬ 
quent complication owing to contamination through contiguity; 
it is also characterized at the outset by pain. 

In doubtful cases, when all other means of diagnosis have, 
been exhausted, tuberculin may be .tried. Its mode of action 
will be reviewed under Treatment. 

The diaxo-reaction of Ehrlich is of but little value, being 
often obtained in other diseases and only in tuberculosis when 
the morbid'process is sufficiently advanced to be readily recog¬ 
nized by ordinary methods. This latter conclusion is also ap¬ 
plicable to the x-ray method. 

Concerning the presence of lesions in both apices, singly or jointly, 
Tyson 1 * states that Osier “out of 413 ca s e s found the light apex involved 
in 172; the left In 130; both, in 111.“ He also refers to T. O. Davis, 
who, out of B4 cases, found the lesions markedly worse on the right side 
In 30, and on the left side in 20, while both sides were affected in 28. 

The value of inspiratory roughness pointed out by Grancher has 
been generally recognised. It is harsh and rasping and is best heard 
when the patient takes a deep breath, and leans against some support.- 
It Is considered by Grancher, Landouay, Marfan and equally competent 
clinicians as positively indicating the onset of tuberculosis, especially 
when emaciation and pallor are also present Grancher* 4 ascribes it to 
obstruction of the alveolar vestibule by the developing tubercles, and 
contends that' dullness, upon which so much reliance fa placed, occurs 
only when consolidation is advanced. Pye Smith** in fact considers it 
an even more tardy sign. That the cog-wheel, interrupted respiration 
means atrophy °i the muscles was emphasised by Lieberme is ter** M 
others. 

The frequency of laryngeal lesions In pulmonary tuberculosis Is 
shown by the fact that Stein" found them In 170 cases out of 474 
examined. J. Peyaon Clark" also found the nasal mucous membrane 
r atrophied in 70 cases out of 100 examined and holds that it precedes the 
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pulmonuT lesion*. Enlarged axillary gland*, varying In sine from a paa 
to a hud-nut, and rolling under the Unger, a* pointed out by Fernet]" 
an often present very early when progressive emaciation without 
apparent cause proves to be tuberculosis. 

Trudeau" found the tuberculin test generally Tellable when 
in suspected eases the diagnosis could be established by no other mmns. 
This represent* the consensus of opinion of the msny clinicians who 
have used it extensively. 


In the third Mtage, that of softening of the tubercles and 
cavity formation, areas of caseation in the lung tissue varying 
from the aize of a pea to that of a lobe, or even an entire lung, 
are formed when the necrotic process is too rapid to permit 
the formation of the fibrin network or outer zone which in the 
miliary tubercle encloses the necrotic tissues and the disin¬ 
tegrated bacteria. Hence the fact that the caseous masses are 
found to contain a largo number of tubercle bacilli. A caseous 
mass is a compound of necrosed pulmonary tissue destroyed 
by the bacilli, and of the constituents of the auto-anti toxin 
(now minus its oxygen) accumulated in the corresponding area 
fa destroy these germs.* It indicates that the auto-protective 
process was inadequate to counteract their development, a fact 
which accounts for the presence of intact bacteria.* When the 
masses are not too large, they may undergo calcification or 
fibrous encapsulation, as in the second stage, lx>th of which are 
curative processes. Such a fortunate result takes place when 
the auto-protective resources of the l»ody become sufficiently 
active from one cause or another to carry it on to a finish.* 
The diseased tissues are thus completely isolated from the nor-i 
mal parenchyma. 

When spontaneous cure fails to occur, the caseous masses 
soften and are more or less perfectly expelled by way of the 
bronchi, with which they usually communicate, leaving a cavity. 
The destructive process continuing in the walls of the latter, 
however, it is gradually enlarged, and as many nndeigo this 
p r o ce ss simultaneously they eventually merge, forming larger 
cavities. Aa the tubercle bacillus is the source of all this de¬ 
struction, the process is one of continuous tissue necrosis, the 
detritus of which represents morphologically the contents of 
a large abscess—but minus the pus organism. There cornea a 


• Author** 



1024 INTBHMAL UOBITIONI IN PATHOQHNMIB AND TBNATMNNT. 


,time, however, when these organisms an likewise present as 
prominent factors of the suppurative process, which now be* 
comes one of mixed infection , with more or less septicemia as a 
consequence. 

The apex being the starting point of the cavity-formation, 
a luge vomica may be present in this location, while the lower 
lobe, which the destructive process is gradually invading, is 
still the seat of smaller cavities. Sometimes the periphery of 
the lung is reached, and if it happens to be beneath the pleura, 
pneumothorax occurs. 

Around cavities of all dimensions, especially beneath the 
pleura, then is clear evidence of an effort to protect contiguous 
structures, connective tissue being developed to limit their ex¬ 
tent. An entire apex may thus be isolated, its numerous cavities 
being enclosed in dense masses of fibrous tissue—evidence to 
the effect that even at this advanced stage of the disease, much 
can be done to arrest the lethal trend.* 


That calcareous or sclerotic masses an frequently found post¬ 
mortem In persons who wen free from tuberculosis at the time of their 
death has long been known. Schlenker found that 65 per cent, of 100 
autopsies. Irre s pective of the cause of death, showed evidences of tuber¬ 
culosis; Biggs found them in 60 per cent., and in another series, 31.5 
per cent, of 4000 autopeies; and Naegeli, 07 per cent, of 500 autopsies.* 1 
Vihcrt,* in looking over the register of necropsies made at the Paris 
Morgue, was "struck by the fact that in 1S1 individuals of from 26 to 
65 yean of age, having all succumbed to violent or sudden deaths, it 
was noted that the existence of pulmonary tnbemuloais was i cognised 
in 25, In 17 of whom the malady was in a cretaceous, or healed state.” 




that the proportion of instances in which then was clear evidence of 
spontaneous arrest of the disease was as high as four-fifths. Aupinel, - 
In the course of 60 autopsies in aged Individuals who had died of various 
diseases, found evidences of cured tuberculosis in every fnatonoe, and 
concluded with Cruveilhier, Comil and Ranvier, Bollinger and others, 
that few persona escape infection, but that, thanks to calcareous infiltra¬ 
tion and fibrous encapsulation, the lesions an spontaneously healed In 
moat Instances. 


The general phenomena of the third stage are chiefly char¬ 
acterised by their intensity. The emaciation has became very 
marked and the general weakness correspondingly so. The 
cough is not only much more severe, hat deprives the patient of 
sleep by its persistence; moreover, the ingestion of food, by 
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causing severe accesses of coughing, provokes emesis, at times 
of an entire meaL The expectoration is now profuse. The 
sputum is purulent and contains irregular, tough, roundish 
masses that tend to adhere to the edges of the vessel, the 
“nummular” or coin-like sputa. These are characteristic in that 
they. ore similar to the contents of the cavities, containing 
innumerable bacilli, pus-cells, epithelial cells, elastic tissue 
from the disintegrated alveoli, broken-down leucocytes, etc., and 
—an important feature in view of the role of phosphorus in the 
morbid process as I interpret it—an abundance of phosphates. 

Hemorrhages during this stage are more dangerous than 
those that occur earlier in the disease. They arc due to erosion 
of larger vessels which course in the walls between the cavities 
or to the rupture of small aneurisms that develop along those 
vessels. They may, therefore, be very profuse—sufficiently so 
at times to prove fatal. 

The. fever likewise assumes a different character, owing 
to the insinuation in the process of pyogenic bacilli, and is given 
an autonomous position in the symptomatology of the disease 
as hectic fever. It is, in fact, due to two distinct factors.* The 
first is protective. Pyogenic germs and their toxins are able to 
stimulate actively the adrenal center and thus to provoke high 
fever,* reaching generally 104° F. (-10° t\), the highest point 
being readied daily late during the afternoon or in the evening. 
The temperature then falls, gradually, not to normal, as a rule, 
but considerably below, as low in some cases as 95° F. (35° C.), 
the minimum being attained during the early hours of the 
morning. The second factor does not always exist, vix., an 
artificial and supplementary fever similar to that evoked by 
tuberculin, and due to the additional heat energy liberated by 
the interaction of phosphorus derived from dead bacilli (which 
accumulate in enormous numbers during the thin! stage) and 
the excess of oxygen which the increase of adrenoxidase entails 
—this latter being due to the fever caused by the pyogenic 
germs. The temperature sometimes reaches 108° F. (42.2° C.) 
under these conditions. In the absence of mixed infection, 
however, or when the adrenal center is unable to respond to the 
stimulus,* the febrile process may be very slight or fail to occur. 
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Sweating is also profuse In ipost cases, but in this stage it 
is due, during the presence of fever, to excessive congestion of 
the peripheral arterioles and to the resulting overactivity of 
sweat-glands;* but it may also occur as a result of depression, 

during the afebrile period when the temperature is low 
and the pulse rapid and weak. Diarrhoea, due to a correspond¬ 
ing condition of the intestinal glandular elements,* is frequently 
present during the third stage and is an obstinate symptom. 

Among the tardy phenomena are often observed patches 
of pigmentation varying from a yellowish tinge to typical 
bronzing. These indicate that the adrenal system is failing 
either through asphyxia of its center, owing to the drain .of 
oxygen which the phosphorus of the disintegrated bacteria im¬ 
poses upon the body at large, or on account of the excess of work 
of which the hectic fever is the expression.* Again, the 
adrenals and the thyroid are themselves the scat of tuberculous 
lesions in some cases; the typical symptoms of Addison’s dis¬ 
ease, including the bronzing, may then appear. 

The physical signB aro clearly defined. There is marked 
restriction of the respiratory movements of the chest. The 
dullneee on percussion persists as long as areas of consolidation 
are present, but gradually, as cavities are being formed, the 
resonance increases until it assumes the tympanic character 
over the cavities. When large cavities are present, the “cracked- 
poP* resonance can be obtained (the patient’s mouth being 
open) provided they are situated not too far from the point 
percussed. Palpation makes it possible in some cases to distin¬ 
guish the areas of consolidation from the cavities, the vocal 
fremitus being much more marked over the former, owing to 
their superior sound-conducting power. Auscultation, when the 
caseous masses are liquefied, olicits subcrepitant r&les f and if 
the air, on deep inspiration, passes through one or more cavities 
more or leas filled with fluid, to reach other parts of the lung, 
gurgling or bubbling sounds may be heard. The bubbles formed 
by the air-streams often break and produce a sound resembling 
metallic tinkling. Tn cavities In which the air merely passes 
over the fluid, cavernous or tubular breathing is easily dis¬ 
cernible; and if the air-current traverses the edge of a cavity. 
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fhe amphoric breathing may be obtained—a sound resembling 
that produced when blowing across the month of a bottle. 
Pectoriloquy is a valuable sign to determine the location and 
size of cavities, when they are near the surface, the speaking 
or whispering voice being readily transmitted through them. 
All these signs are best obtained when the chest and back aru 
bare, a light fabric, a handkerchief, for instance, being alone 
interposed between the examiner’s ear and the patient. 

Finally the patient reaches the last stages of marasmus. 
Certain signs are apt to appear when the end is approaching, 
viz., f&msh-like areas in the mouth and soft palate, which are 
in reality patches of tissue that arc no longer the sent of active 
metabolism; purpura, due to breaking down of the cutaneous 
capillaries, and other manifestations of inhibited nutrition.* 
The disappearance of suffering incident upon this fact causes 
the patient during the last days of his illness to expect an early 
recovery, and some pass away cherishing this hope. 

The wide fluctuations of fever are especially met in children. Thus 
Adams* states that in some the temperature may reach 108° F. (42.2° 
C.) and drop in a few hours to 05" F. (3.1° C.) without apparent effect 
upon the child. He has seen children eating the evening meal with 
relish, in spite of a rectal temperature of 10fl° F. to 107° F. (41.1° C. 
to 41.8" CJ.). Strtlmpell" places the average beetle fever fluctuation from 
101.3 s to 104° F. (38.5 s C. to 40°C.). The rOle of pyogenic organisms 
In its production ia generally recognized, and has been emphasized by 
Karl von Ruck." This would seem to be antagonized by experiments 
fit vitro, but Bernheim" has shown that the experimental (direct) 
antagonism between the tubercle bacillus and the pyogenic organisms 
does not prevail in the body and tliat the latter complicate the tubercu¬ 
lous process. 

The presence of phosphates In the sputum of tuberculosis, espe¬ 
cially when, as In the third stage, the tubercle bacilli are present in 
large quantities, hoe long been known, although the cause of this phe¬ 
nomenon has remained unexplained. Thus, C. >T. 11. Williams," twenty 
years ago, stated, referring to the expectoration during the stage of 
excavation, that its pus contains “a large proportion of phosphates. 
Dubtef, in Behove and Achard’s treatise," also says that the expectora¬ 
tion contains "phosphates in abundance.'' This may he due to the 
sodium phosphate of the blood or to the formation of this compound 
by tbs cellular nuclein, but It Is not characteristic of other diseases in 
which the expectoration Is profuse, catarrhal bronchitis, bronchorrhtna 
and kindred disorders, while It coincides with the results to be expected 
from the rapid proliferation of tubercle bacilli, the ashes of which show 
00.8 per sent, of phosphorus (de Bchweinitz). 
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The failure of the adrenal »y»tau when the dleeaee ie advanced la 
shown fay various stages of melanosis. Bronzing varying from amall 
melanodermio spots to large patches Identical with those wltneaaed In 
Addiaon’a dleeaee, waa found in 7 eaaea out of 24 by Laffltte and 
Moncany,” and in 12 eaaea out of 00 by Inlgnel-Invaatln^'—all eondl- 
tlona snob aa freckles, friction stains, pytiriasis, lentigo, a c ant hoa la 
nlgrieana, narl, etc., being carefully eliminated. A simitar plfmte- 
tlon of the liver and apleen and ether organa waa reported oy Weln- 
burg,™ In a oaae of tuberculosis. This obaervatlon recalls the finding 
of promiscuously dletributed pigment, by Bolnet,™ in all of 20 rata in 
which he had cauaed lealona of the adrenals; the pigment had also 
permeated the aubcntaneoua cellular tissue, and proved to be Identical 
with that found In Addison's disease. Thia appilea likewiae to the 
thyroid. Macaggi” found experimentally that in aubaeute and chronic 
tuberculous intoxication, the accretion of colloid waa reduced and that 
the organ’s epithelium became atrophied. 

Etiology and Pathogenetic —The predisposing cause of 
tuberculosis is a deficient functional activity of the adrenal 
system which may he inherited or acquired.* In the latter case, 
disease or hypofunction of either of the organs of the adrenal 
system (the thyroid, the anterior pituitary body, including the 
teat-organ, the adreno-thyroid and the adrenals) may be caused 
by infectious diseases, starvation, overwork, insufficient oxy¬ 
genation and other factors which either exhaust these organa 
by imposing excessive activity upon them, or greatly lower 
their nutrition.* 

Ae Germain BCe says, “predisposition le a word employed to 
cover our ignorance"—an inevitable conclusion in the absence of an 
organ or set of organs whose mission is to govern the vital processes 
of the body at large—the rOle of the adrenal system. Indeed, the 
stigmata in such subjects dearly point to debilitated respiratory func¬ 
tions—both aa to the lungs and tissues—the domain of tilts system. 
The flat, narrow ohest and drooping shoulders, the winged scapula, obvi¬ 
ously constitute an inefficient respiratory mechanism as illy nourished 
aa la the rest of the slender figure; the pallor, the cold extremities, the 
sensitiveness to-cold all point to inadequate oxygenation. It la thia 
depravity of the adrenal system which alone, in my opinion, la In¬ 
herited, and not the dleeaee itself. This is quite in accord with the 
teachings of modern re s e arch; Senator" recently wrote, referring to 
tuberculosis: “In any event, a decisive rfile in determining the marsh 
and distribution of the scourge can never be attributed to hereditary 
predisposition.” ■ 

The underlying cause of predisposition is disclosed, however, by 
the mutual relationship of certain diseas es and the influence of hypo- 
function of one of the organa of the adrenal s ys tem, the thyroid gland, 
on infection. 
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Ike predilection of chronic elcoholica to tubcrculoele hu been em¬ 
ph a sised by Hector Maokensie," Lancereaux," Monnier" and many others. 
Oetor" bolds that “chronic drinkers are much more liable to both scute 
and pnlmonaiy tuberculosis." He believes that “it is probably alto¬ 
gether a question of altered tissue-soil, the alcohol lowering the vitality 
and enabling the bacilli more Teadlly to develop and grow. Sims Wood- 
head,** Abbott and other bacterieloglsts bare, in fact, demonstrated that 
Alcohol predisposes to specific infectious diseases. Mays* 1 and Kelynsck" 
have shown that this applies as well to the tubercle bacillus. Among the 
cases reported by the last-named observer were 10 of alcoholic neuritis, 
8 of which were subjects of pulmonary tuberculosis. As 1 hare shown, 
alcohol reduces the adrenoxidase of the blood-stream and correspondingly 
Inhibits the blood’s vitalising properties. The functional activity of the 
adrenal center being impaired as well as that of all other organs, it falls 
to respond actively to the stimulating influent* of the bacterial toxins, 
and therefore to protect the organism adequately. That such is the 
case Is shown by the fact that when the thyroid, whose secretion, as f 
have shown," upholds the activity of the adrenal center, is itself hypo- 
actire, os in myxmdema, a marked predisposition exists. Thus, as 
stated by lorand," “in myxtedema (athyroidea) tuberculosis appears 
frequently,” as shown by Greenfield* and llyroin Bruniwell“while,” 
according to Fell," “tuberculosis is very frequent in families of myxede¬ 
matous persons.” 

The influence of such a condition of the adrenal system is shown 
by the readiness with which a patient succumbs to tuberculosis when 
syphilis, a disease whose debilitating influence is doubted by no one, 
precedes the tuberculous Infection. Niemcyer long ago taught that “the 
greatest danger for a syphilitic was to become tuberculous. Landouxy 
likewise emphasised this fact by the statement: "The worst combina¬ 
tion I know of is that of pulmonary tuberculosis with primary syphilis.” 
Jacquinet," who refers to three anil other authorities, reported 8 cases 
in whioh the two di se a se s were present, in all of which death occurred 
very rapidly, one patient indeed dying a few weeks after the onset of 
the tnbereuious process. As I interpret these results, the adrenal system, 
already semi-paralysed by the syphilitic virus, promptly yields when 
another dep re s s ant is superadded. Herbert," in fact, recognises a cer¬ 
tain analogy between the primary and secondary stages of tuberculosis 
on the one hand, and syphilis on the other. Lorand states, moreover, 
that “Perrando" has found degeneration of the thyroid in the fmtus 
from parents with cachectic disease, especially syphilis.” Gamier" has 
also found that “the thyroid in hereditary syphilis is degenerated and 
contains no colloid substance.” As I pointed out In the first volume, 
it is this Identical substance which, owing to its iodothyrin, upholds 
the activity of the adrenal center of the anterior pituitary to its 
normal level, te., physiological standard. 

"Hector Msekensle: Brit Med. Jour., Neb. IT, UN. 
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This applies to all agencies that are capable of debilitating tbs 
adrenal system: starvation, overwork, insufficient oxygenation, infec- 
tlom diioueii etc. "it bu been found by eeventl Authors/* writes 
Lorend, "that animals whose thyroid has been extirpated easily fall 
victims to infective processes.” The great part taken by the thyroid 
in infections is shown by the researches of Bayon, of Wursburg, and 
de Quervain, which establish the fact that in all grave infections dis¬ 
eases, the thyroid is in the condition termed by them “thyroiditis sim¬ 
plex' 1 without any secretion. Roger and Garniei - had found pre¬ 
viously to the former authors, “a hypersecretion of colloid in the thyroid 
in Infectious diseases which after some time may be followed by ex¬ 
haustion of the gland.” 

All this applies as well to the pituitary body. Gander and 
Thaon,** in a systematic study of this organ in tuberculosis, based on 
18 t» sin. found invariably areas of sclerosis in the parenchyma in 
chronic cases, “the gland appearing less native than normally.* In a 
more recent study based on a larger number of c a s es , Thaon" confirmed 
these observations. 

Exhaustion of the gland here means cessation of the stimulus 
upon which the adrenal center depends for the preservation of its 
sensitiveness to poisons that appear in the blood. If it fails to receive 
this stimulus owing to a corresponding defect in the parents, the “pre¬ 
disposition” to tuberculosis—or any other disease—is inherited; if the 
deficiency of stimulus occurs os a result of diseases which have ex¬ 
hausted the thyroid or caused lesions either in the test-organ or In the 
posterior pituitary, the seat of the adrenal center, or in the adrenals 
themselves, we have the “acquired” predisposition. In whichever direc¬ 
tion we scrutinise the question, therefore, we are ultimately brought to 
the conclusion that the predisposing cause of tuberculosis is deficient 
functional activity of the adrenal system. 

In predisposed subjects the fluids of the body at large, 
including the secretions of the mucous membranes of the respir¬ 
atory and digestive tracts, are deficient in auto-antitoxin and 
phagocytic leucocytes, the agents which under normal condi¬ 
tions destroy the tubercle bacilli and other germs that gain 
a ccess to these fluids.* When tubercle bacilli are inhaled, the 
body’s first line of defense, the anterior nasal cavities are not 
provided with mucus adequately supplied with these bacteriolytic 
agents. As these pathogenic germs can, under such circum¬ 
stances, penetrate the nasal mucosa itself and enter the lym¬ 
phatic system, infection may occur irrespective of any contami¬ 
nation through the lungs. It does not occur, however, if the 
adrenal system is fully active.* 

The postulate of Koch that tuberculosis is caused by the Inhalation 
of dried sputum, which mat its conclusive proof In the studies of Cornet, 
has stood the teat of time, though his opinion that this was the exclu¬ 
sive mode of infection has not. The manner in which dust may convey 
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fin mw may be illustrated liy one of Cornet’s more recent experi¬ 
ments. - Forty-elglit guinea-pigs were placed in a room covered by an 
old carpet over which dried tubercular sputum mixed with dust had 
been spread, and the carpet was swept on four different occasions. The 
animals were killed after a time and 47 out of the 48 were found in an 
advanced state of tuberculosis of the lungs and bronchial glands. The 
same year (1888) that Cornet conducted his earlier experiments. Flick" 
showed that tuberculosis was especially prevalent in dwellings in which 
the disease bad once occurred, 33 per cent of the infected houses having 
had more than one case and some houses showing eight deaths (in one 
Instance, thirteen) in the course of 2ff years, though in the great major¬ 
ity of instances different families luul dwelt in them. The area of 
Philadelphia studied Included about 80 blocks of houses. 

Yet in the human subject, Strauss" found purulent tubercle 
bacilli in the nasal secretions of B persons out of 29 examined, 8 of the B 
contaminated being hospital attendants. All were in excellent health. 
N. W. Jones" obtained 3 positive results from inoculations from 31 
persons. Pollock 1 " conducted a comprehensive study of the effects on 
the physicians and attendants of Bromptnn Hospital for Consumptives, 
covering a period of 34 years. It revealed no noticeable difference from 
the ratio of the disease among outsiders. There were no deaths from 
phthisis among the maids who swept and cleaned the floors several hours 
daily; of 101 nurses, 1 had phthisis in the hospital, 3 after leaving the 
hospital. -Evidently the greater precautions taken in such institutions 
account partly for this showing, for in barracks, prisons, etc., the inci¬ 
dence of contamination is much larger. Still, why do not all soldiers, 
prisoners and particularly the hospital attendants whose nasal cavi¬ 
ties contain virulent bacilli acquire the disease? It is here that the 
physiological efficiency of the adrenal system comes in: All functions 
are performed with adequate energy. 

How is this auto-protective function carried on, on the surface of 
mucous membranes? 

If, as I hold, the phosphorus in the tubercle bacillus is the real 
pathogenic agent, two modes of action should be discernible: one by 
the living bacteria, causing no particular local reaction, another by 
the dead germs, causing a local inflammatory rcuction. Cornet 1 " says: 
“When tubercle bacilli are gently rubbed into the nasal mucosa, no 
change occurs if care be taken not to injure the mucosa; in other cases. 
Inflammation, reddening and ulceration shortly make their appearance." 
Since general infection occurs under these conditions, it can only be 
ascribed to living organisms absorbed, the local lesion being due to dead 
bacteria disintegrated during the procedure. That there is a solid 
foundation for this conclusion is shown fay Cornet's statement’" that 
“the dead forms exercise a more rapid and intense action, by moans of 
the diffusion of their chemical matters, than do the live organisms with 
their slow process of proliferation.” It is plain, however, that we can¬ 
not ascribe the resulting infection of the cervical and bronchial glands 
and of the lungs and spleen to which Cornet refers (especially the 
enormous multiplication of bacteria which this represents), to the 
chemical constituents of these organisms, which—interpreted from my 
viewpoint—caused the local inflammation, but to those which did not. 
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Tnrinod. that living tubercle bacilli can penetrate mnooaa 
well * 


The naaal mtami membrane affords considerable p rote ction against 
Itifa nHiwi * According to ■»! T ... *~ eh* ws—I mmi l> 


According to Wnrts and Lennoyes,'" the naaal muons Is 
endowed with antiseptic properties, but reaearnhos by Put and Wright,** 
UaiuF and others did not substantiate this claim. H. L Wagner, 14 * 
however, found that, in accord with Buchner, Kosael and others, leuco¬ 
cytes produced a substance in the naaal accretions which p o cies s e d germ- 
• dsstro ying power. This substance, an ensyme, according to Wagner, 
does not necessarily kill the germs, but lt dlminUhes their activity, and 
they are thus readily swept away by the secretions. This' dual action 
prevents their penetration Into the mucous membrane, and Infection. 
The substance referred to is evidently the auto-anti toxin we have met 
everywhere. Piaget 1 ** found, moreover, that phagocytes took part in 
the process, while St. Clair Thomson and Hewlett 1 ** emphasised the toot 
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that while the viscid mucus 
the dilated epithelium prom 


revents the development of the badlli. 


pm 

f . ptly secures thdr expulsion. “The more 

active the seoretion of mucus,” writes Cornet, "and the more swift the 
current, the more rapidly is the bacillus eliminated." 


When the tubercle bacilli reach beyond the anterior nasal 
cavities they are exposed to destruction by the bacteriolytic 
action of mucus and- phagocytes of the pharyngeal tonsil in the 
naao-phaiyngeal vault and the faucial tonsils. They penetrate 
the crypts of these organa and it ia on reaching their epithelial 
layer to enter the underlying tissues that they are disintegrated. 
In predisposed, debilitated subjects, the protective agents— 

the bacteriolytic phagocytes and endogenous antitoxin—are in¬ 
efficient, and the tubercle bacilli being allowed to penetrate to 
the tonsillar lymphatics, infection occurs. 

In abme cases the quantity of tubercle bacilli destroyed in 
the pharyngeal and faucial tonsils is so great that the dead 
bacilli, owing to the quantity of phosphorus liberated,* pro¬ 
voke local tuberculosis. 


Behind the naaal cavities, to, In the naao-pharynx and pharynx, 
tha defensive mechanism is of another order. St. Clair Thomson,’* In 
painstaking studies of the subject, collected 1427 imported cases of naso¬ 
pharyngeal adenoids in which the reporters, lncladlng Lermoyex, Gott- 
stein, McBride, Moure, Pilliet, Cornil and other author!ties had exam¬ 
ined the growths microeo o pie al ty. Histological evidences of a local 
tuberculous process were p re sent in 75 instances, to.Jn 62 per sent. 
In another seriee of 485 specimens examined by Qouro, Broca, Hugh 
Walsham and Jonathan Wright, referred to by St. Olair Thomson, no 
evidence of local tuberculosis was found. This reduces the average to 
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4 par mL tat It does not disprove the fact that thm 
Mod hy bacilli. Indeed, Milliga ----- - 


won the tut that theu growths are 
lllinui end Dtanlafay found that I8J 
e of eaiulng Infection whan Inoculated 


nor MR ef ad en oi d s wen capable of causing in_ 

Into animals, while Briager found histological lesions in 5 out of 78 
eases, and obtained one positive inoculation, though no tubercle bacilli 
could be found either on the surface or In the crypts. This appears 
pasndosleal, tat It la readily explained when tbs numerous phagocytes 
which such growths contain are taken into account The successful 
inocula t i on s are due to the p r ese nc e of living; 1 a, undigested, tubercle 
bacilli derived from these protective cells, and the lesions—Interpreted 
from my stan dp oint—to the phosphorus of the dead bacilli. This sug¬ 
gests that infection through the adenoid tissue of the pharyngeal vault 
Is p revent e d by phagocytes. That such is the cam u shown by the 
rOle of theu cells in tho tonsils, which are structurally similar. Recent 
Investigations indicate, moreover, that in theu lymphoid tisanes, the 
endogenous antitoxin ex o rcism its bacteriolytic action as everywhere 
elm In the organism. 

Goodsle 9 * found experimental ly that foreign substances were 
Ingested by polynuclear leucocytes In and adjoining the tonsillar mu¬ 
cous membrane, and that while bacteria are found In the crypts they 
are absent beyond the mucous layer, thus nugueating that "at the 
moment of entering” the bacteria "encounter conditions which terminate 
their existence." Kayaer" 1 elm observed a defensive cellular process 
between the epithelial layers and the tonsillar tissues and that very little 
dust r e ach ed the trachea. Jonathan Wright" 1 discerned an additional 
feature In the process, however: that pathogenic germs which penetrated 
the tonsillar crypts could exercise a property, recently defined by 
Pfeiffer, Bordet and others, vis., that of provoking In the tissues with 
which they come Into contact, and by means of a constituent entering 
into their own composition or "endotoxin," the formation of a baeterio- 
lysin of which they, the pathogenic bacteria, wen themselves the vic¬ 
tims. Wc have here, therefore, as elsewhere, not only phagocytic protec¬ 
tion, but a fluid capable of disintegrating the tubercle bacilli. 

If tills dual protective prooeu prevails In the posterior nasal, or 
pharyngeal, tonsil as well as In the faucial tonsils, the disintegration of 
tlm tu bercle bacilli should, at least sometimes, provoke local tuberculo¬ 
sis. Dieulafby"* considers that "primary tuberculosis of the pharyn¬ 
geal tonsil occurs with about double the frequency of that of the faucial 
tonsils." Cases of primary tuberculosis of the latter have been reported 
by Behlenker/* 4 Kruokmann, 8ehraflmer, ul Orth," 1 Stewart, 1 ” and many 
others. The tonsils are also frequently involved In pulmonary tubercu- 


The p r o te ctive rOle carried on by these lymphoid organs Is Illus¬ 
trated by the fact that Latham," 1 by Inoculating Into animals the cen¬ 
tral portions of hypertrophied tonsils, removed from 45 otherwise nor¬ 
mal children, obtained 7 positive.results. Again, in 10 instances out 
of on aggregate of 161 caaso, adenoid vegetations, removed from other- 
heaueby children by Lermpyes,"* Gottstsin," 1 Brindel, m and Pluder 
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and Ibdn," provoked tubereoloeia in anhnahfc the children had all 
lived with tuberculous parent*. 

When the nose alone ia need in breathing, the air, on reach¬ 
ing the larynx, ia practically free of bacteria; breathing 
through the month, however, deprive* the larynx of the protec¬ 
tion afforded by the nasal paaaagea and tubereoloeia of the 
larynx may be engendered by tubercle bacilli inhaled with the 
dust. This occurs very rarely, however. The organ is pro¬ 
tected, when foreign substances reach it, as are the anterior 
basal cavities, by a copious supply of mucus derived mainly 
from the ventricles of Morgagni, the secretion being directed 
outward, towards the (esophagus. In almost all coses, how¬ 
ever, tuberculosis of the larynx occurs as a complication of 
pulmonary tuberculosis. 

Whether primary or secondary, the initial cause of tuber¬ 
culosis of the larynx is deficient nutrition of its tissues which 
exists throughout the entire organism, owing to depravity of 
s the adrenal system.* The fluids, lymph, blood and secretions- 
of these tissues being deficient in bacteriolytic activity, the 
tubercle bacilli not only penetrate the lining epithelium, but 
being met therein by phagocytes inefficient themselves as bac¬ 
teriolytic agents, they multiply in the laryngeal lymphatics and 
start a local tubercular process. The lesions caused by inhaled 
bacilli usually begin in the portions of the larynx most exposed 
to the inspiratory current, the tissues overlying the arytenoid 
cartilages and the posterior and upper surface of the epiglot¬ 
tis. When a laryngeal tuberculosis occurs as a complication of 
pulmonary tuberculosis, the tissues of the interarytenoid space, 
which extend over the arytenoid cartilages, are usually the first 
affected, the bacilli under these conditipns being derived from 
the sputum, which the tracheal ciliated epithelium propels 
upward. 

When voided from the larynx by coughing or hawking, the 
pulmonary discharges are either expectorated or swallowed, thus 
exposing; in the latter case, the gastrointestinal tract to 
fection. 

The pallor of the laryngeal times and of the adjoining tisanes 
Indicates that deficient nutrition prevails hen as elsewhere. A curious 
feature of th e t re atme nt of laryngeal tuberculosis points in the same 
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fc w tt a , ib, that irritation, mechanical or chemioal, la henaflrial; 
Thna the beneficial effect* of lactlo add an greatly —w—rf if, while 
applying It, the muouus memb r ane la rubbed. The hypensmia pro¬ 
duced with ita attendant leueocytoala la obviously the main beneficial 
agent, the lactic add aiding by destroying what bad 111 it reaches. 

C ases of primary tuberculosis of the larynx have ben reported 
bar E. Fraenkel, Trifllettl, 1- J. Bolls Cohen® 4 and many other obeervere 
since. In eome of theae lnstanoee careful examination of the lungs 
showed that they were normal. Such lnstanoee are rate In oompariaon 
to the laryngeal tuberculosis that accompanies pulmonary tuberculosis, 
and which occurs In about 30 per cent, of all cas es. The opinion that 
infection by the sputum cun occur is disputed by some, but aa Cornet 1 * 
eaye, "Hie theory of certain authors that laryngeal tuberculosis is not 
due to contact of the mucous membrane with the sputum, but is, as a 
rule, hematogenous in fact, lacks all foundation In fact." 


The human gaBtric juice does not destroy tubercle bacilli 
ingested with contaminated milk, meats or other foods. When 
the germs reach the intestine,. however, they are subjected to the 
proteolytic action of the auto-antitoxin in the buccub entericus, 
before being ingested by the digestive leucocytes.* In vulner¬ 
able, debilitated aubjectB, the succus entericus ia insuffi¬ 
ciently active to affect the virulence of the bacilli; they not 
only penetrate freely the intestinal epithelium to the lymphatics 
under these conditions, but they are ingested living by the 
digestive leucocytes.* The proteolytic activity of theae cells 
being also impaired in vulnerable individuals, they are unable 
to digest all the bacilli ingested by them with food-stuff a in the 
intestinal canal, and thus distribute living tubercle bacilli 
germs throughout the rati re body, including the lungs. Gen¬ 
eral infection can thna occur, through the intestinal canal, from 
two directions: (1) direct penetration of the germs through 
the intestinal walla, (8) through the intermediary of the diges¬ 
tive leucocytes.* 


Weeener'" end others have contended that the gastric jnlee eould 
destroy tubercle bacilli, but the Investigations of Freak,”' Fischer,** 
Straus and Wurts,** and Cadfiae and Bournay 1 * have shown that anoh 
was not the case, while Lukassewics"* suggested that the activity of the 
juice had some influence on the result, since the feeding of tuberculous 
meat from the one animal to doge and cats would infect the latter, but 
not the former. The experiments of Carriftre** showed conclusively, 
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towBT W , that human gastrle julra somctimso attenuated tha bacilli, hut 
failed to kill them. SabrosBs had previously suggested that tha greater 
part of the element* which eonatlcnta tha tubercle baeilliia were not 
aa in the eaee of oellnloae and mwieia, susoeptible to dlenta. Ha found 
that it took 36 houre’ immersion in gas trio Juice to deprive the germs 
of their vitality. 

This accounts for the frequency of infection by way of the intestine, 
which, according to Macfadyen and MaoOonkey, 1 " is more important in 
this prflmiUf aa regards tuberculosis than the tonsils or adenoid 
growths. Klebs“* considers it the chief amue of infection, while 
Behring*" has long held that In the young “the origin of epidemic pul¬ 
monary tuberculosis in msu and the epuwifl pulmonary tuberculosis 
in cattle, is through an intestinal route.** ▲ lugs number of c a ses 
in which fatal infection by milk had been clearly traced to tuberculous 
cows have been reported fay Oliver, 111 Stan", 1 " Damme, 111 Hills, 1 " Erast, 1 " 
Stalker and Niles, 1 " Leonhart, 1 " Scmtag, 1 " Hermsdorf, 1 " Rich, 1 " 
Thorne, 1 " all selected from literature with the greatest care by Professor 
Rapp, 1 " of the veterinary department of the Iowa State College, who 
holds with Theobald Smith, 1 *^ Pearson 1 " and Dinwiddle 1 " and others, 
that tbs bovine tubercle bacillus Is' distinctly more virulent for the 
species of animals thus far experimented upon than is the human 
mudllus. 

Having pointed out 1 " that the intestinal food-products are taken 
up by the digestive leucocytes and convert e d by them into tissue ele¬ 
ments, I held. 1 " that these rails were the normal agents of infection, and 
that when they failed to destroy the g e r m , living tubercle bacilli could be 
carried from the Intestine to the lungs as well as to other organs. Sims 
Woodhead 1 " says that: “When the tubercle bacillus is carried into the 
alimentary canal by the saliva, by food-stuffs, eta, it is rendered in¬ 
nocuous in more ways than one; but perhaps the most effectual way-ls 
fay its being taken into the substance of lymphocytes which make their 
way out and in from the lymphoid patches, and which have the power 
of taking into their substance the tubercle bacilli. These lymphocytes 
return with their evil burden to the lymph-glands, and the glands assist 
in the complete destruction of the bacilli. Cornet 1 " also says in this 
connection: “The bacillus has the power to penetrate not only the 
Intact epithelium (Baumgarten, Dokroklouskl, and Tachlstowltsch), but 
aleo the entire wall of the gut, and to find its way along the lymph- 
channels to the mesenteric glands, where it first begins its actual career 
(Orth, Wceener and the author). This 11 accomplishes partly by 
mechanical means, partly by the aid of the wandering cells, ana all with- 
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out leaving behind a iwngnlthh true of Us pawagn ** MnatUo" 
alao lea to eonelode that It vu through Inumyln that tha bronchial 
glands wan lnndad. 

Tta Importance of tha Intoatlnal auto-antltoxin in thla oooxwetlon 
la self-evident. In other words, the power of the intestinal juices to 
kill tin tubercle bacilli (thus arresting their power to proliferate) is 
co mm ensurate with the proportion- of auto-antitoxin secreted into the 
Intestine. Aa this depends upon the functional efficiency of the adrenal 
system. It is evident that hypofunetidn of this system predisposes toe 
body at lame to infection. Such a condition also involves general hypo- 
nutrition. As Sima Woodhead uas says: "If the tissues be so weakened 
that their power of resistance can be readily overcome by comparatively 
few micro-organisms then Infection will probably follow. This "power 
of resistance* means, from my standpoint, sufficiently active auto-anti- 
toxin in all parts of tha body to kill germs, to paralyse their repro¬ 
ductive activity—the great initial danger in tuberculosis. 

The lungs are mainly infected by tubercle bacilli which 
reach them, (1) with the air through the respiratory tract, (8) 
by phagocytes and lymph derived from the lymphatic supply of 
the naso-phaxyngeal mucous membrane and lymphoid tissue, (3) 
by phagocytes and lymph derived from the lymphatic supply of 
the intestine. 

(1) The entire bronchial tract is kept free of bacilli when 
the quantify inhaled is not excessive, by the ciliated epithelium 
which propels a current of mucus towards the trachea whence 
it is -eliminated by way of the larynx. What organisms fail to 
come into contact with mucus of the epithelium (owing to their 
position in the middle of the air-stream) however, may reach 
not only the terminal bronchioles, but also the alveoli or air- 
cells which are not provided with ciliated epithelium. Ilcrc, 
they are met by phagocytes and auto-antitoxin, and if these 
bacteriolytic agents are sufficiently active,* the germs arc 
promptly destroyed;- if not,* the bacilli penetrate the alveolar 
septa, proliferate therein, and initiate the process of tuborcle 
formation previously described. 

(8) Infection of the lungs through the lymphatic system 
may be provoked by tubercle bacilli which have penetrated the 
epithelium of the nasal mucosa, or invaded the tissues proper 
of the pharyngeal or faucial tonsils owing to deficient bacterio¬ 
lytic activity of the phagocytes of these organs. Once in the 
lymphatics adjoining the latter, the bacilli can proliferate 
freely since lymph is poor in all three of the constituents of 
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anto-anti toxin, and especially in adranoxidaae because of the 
absence of zed corpuscles.* They invade in turn all the lym¬ 
phatic glands of the neck down to the upper part of the thorax 
and thence the bronchial glands. Aa the lymph of these glanda 
ultimately reaches the right and left lymphatic ducts to be 
poured into the subclavian veins, and thence into the superior 
vena cava and the right heart, it finally reaches all parts of the 
lungB. Having multiplied in an excellent culture-fluid, the 
lymph, the tubercle bacilli are thus transported by venous 
blood—in which they suffer no injury—to a!l the pulmonary 
alveoli.* 

(3.) Infection of the lungs through lymphatic paths may 
also occur by tubercle bacilli derived from the intestinal canal, 
t.e., with the leucocytes and fats that enter the lacteals and soon 
thereafter the thoracic duct. With the chyle of the latter these 
tubercle bacilli are also transported to the subclavian vein and 
thence to the superior vena cava and the right heart, whence 
they are distributed with the venous blood to all the pulmonary 
alveoli.* 

The view that infection occurs through inhalation le the pre¬ 
vailing one and ie urged by Comet, who adduces the evidence afforded 

5 r the access of coal dust (in miners) and kindred substances to the 
veoli themselves, though the coal-particles progressively decrease, as 
these cavities are reached. "The ciliated epithelium, which is a powerful 
aid in removing foreign bodies, is absent in the alveoli," says this 
author, "so that these latter form a sort of storehouse for the dust 

S articles"—and therefore, for what tubercle bacilli happen to be in the 
ust. 

The opposite doctrinp, that the bacilli reach the lungs through the 
lymphatlcs/has not gained support because it involved the conclusion that 
the germs and the containing them had to travel against 

the lymph current from the bronchial glands to the pulmonary tissues,— 
a dubious proposition. By the normal paths I submit in the text, how¬ 
ever, the lymptstio channels are not only in direct communication with 
the alrsoil, out the germs or phagosjrtes containing them follow the 
direction of the streams to the latter, from begining to end, and land, 
unharmed, precisely where the tubercle* are found, the external aspect 
of the alveolar walls, and the partitions between the alveolar recesses. 

Viewed in this light, infection through the lymphatics, whether the 
bacilli enter the body by the respiratory or intestinal tracts, assumes 
a leading position in the pathogenesis of the disease. Cornet overlooks 
the fact that miners, stone-cutters, etc., work year after year In an atmos¬ 
phere literally befogged with dust, and that under such conditions the 
penetration of particles to the alveoli is not surprising. A sound com- 

C rison could only be established if dust composed entirely of tubercle 
silli were also inhaled during correspondingly prolonged periods. The 
first condition is seldom if ever satisfied; the second, t he r efo r e, loess 
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all weight. Stk Clair Thomson"* contends that "all our knowledge of 
physiology and all the laws of probability are opposed to the possibility 
of a germ successfully running the gauntlet of the intricacies of the 
upper air tract, the mucus spread out lor it to adhere to, the phagocytes 
In readiness to slay it and the waving armies of ciliated epithelium in 
constant action to expel it.” Nor are tubercle bacilli ubiquitous hosts 
of the respiratory tract as is the pneumococcus. Both llccu ,M ami Doni ,H 
found that although the latter aud many other organisms were present 
in normal lungs, the tubercle bacillus was never present, it must, there¬ 
fore, be wafted directly from the external nir to the alveuli to cause infec¬ 
tion, without once coming into contact with bronchial walls which when 
the terminal bronchioles are reached are but three to four-tenths of a 
millimeter apart I It is self-evident that the liumher of genus that reach 
the alvdbli directly under such conditions must be mcj small that even 
the local defenses of a weakling suflice to annihilate them. 

Tlie lymphatic path from the naso-phaiyngeal mucosa and the 
pharyngeal and faucial tonsils to the bronchial glands is familiar to 
every one. The path thence by way of the anlielnviun, the superior vena 
cava and the heart, to which I refer, is in miiml with clemcntury 
' anatomical knowledge. This applies likewise to the connection between 
the intestines and the thoracic duct. It remains to be shown, however, 
whether tubercle bacilli can occur in the lymph or eliyle stream of the 
latter. This was demonstrated recently by Nicolas and Dphcos,"* who 
found tubercle bacilli in the eliyle of the thoracic duet after feeding 
dogs with soup to which they hod added these germs. 

Treatment. —The treatment of tuberculosis involves as a 
general principle the cardinal Tact that the endotoxin of the 
specific pathogenic organism, Koch’s bacillus, not only docs not 
provoke (owing to its identity as a normal component part of 
the tissues, phosphorus) a reaction of the adrenal system, but 
that it contains also a poison which depresses the latter.* Its* 
ravages proceed unchecked, unmolested, until n secondary infec¬ 
tion, exciting the test-organ, counteracts the paresis produced by 
the tubercular ‘ poison and enforces, as it were, a reaction of 
the adrenal Bystem—but too late, unfortunately, to arrant the 
lethal trend.* The indications are, therefore, to administer, nt 
the earliest moment, even though the diagnosis be uncertain, 
agents which stimulate the test-organ, i.e., the defensive prop¬ 
erties of the adrenal system, with sufficient vigor to destroy the 
germ and its endotoxin.* 

This applies of course only to cases in which, unlike the many 
Instances referred to in the foregoing pngea, spontaneous cure dnra not 
occur. In them Instances (those in which evidence is afforded post- 
mdrtem that tuberculous lesion a have at aoine time cxiated) the curative 
process is essentially local, similar to that following burns, injuries, 
etc., and irrespective of any Intervention of the adrenal system. 


* Setter's romcfmttmm. 
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Aoxnts Which Cause the Destbuotion op the 
Tuhebou Bacillus and its Endotoxin. —The endotoxin of 
the tubercle bacillus, owing to the phosphorus it' contains, sup¬ 
plies an active intermediary for the destruction of the germ 
itself when it penetrates the arterial blood, owing to the pres¬ 
ence of adrenoxidase in the latter.* The affinity of phosphorus 
for oxygen being very marked, the germ is at once attacked in 
the blood-stream; its main endotoxin is converted either into 
phosphoric acid, a benign and eliminable product excreted in 
the urine; or, the sodium of the plasma aiding, into sodiukn 
phosphate.* Tubercle bacilli are not, therefore, found, as a 
rule, in the blood,* though a protective covering protects them 
to a certain extent even in this highly oxygenized medium. 

Ample evidence to the effect that the tubercle bacillus la rich In 
nucleo-proteid—a body rich in phoephonu—has been submitted. 

Toe tubercle bacillus is protected, according to Ehrlich, by a resist¬ 
ing cell-membrane which accounts for its resistance to stains. When 
the blood is poor In oxygen, as in pre-agonal states, or when the “vitality” 
is very low, as in some general infections, it can also appear in the Mood, 
where it has been found by Webhselbaum, Mdse Is, L^tlg, Rutlmeyer, 
Sticker and others. 8 " That they are present only temporarily, however, 
and only when they suddenly invade the blood in great numbers, has been 
emphasised by the searching Investigations of Lipari and Lodato, 1 * who 
found that the bacillus was in reality present at no stage of the disease 
in this fluid. Nor did they And it in the blood of animals in which 
tubercle bacilli had been injected intravenously. This applies likewise 
•to the proli f e ra ti on of these germs. Cornet/" in fact, states that "the 
tubercle bacillus is not a blood bacterium and does not grow in the. 
blood." This attests also to a radical difference from eofro corpora or 
shed blood Which, as shown by Koah, is the best of culture media. 

The fact that the tubercle bacillus is readily destroyed in 
the blood-stream proper accounts for its rapid proliferation 
in the lymphatics, especially in those of the respiratory or 
intestinal tracts, through which infection occurs, since the 
lymph contains no red corpuscles and but little adrenoxidase.* 

In the treatment of the disease, therefore!, an important 
indication besides destruction of the germs is to prevent their 
proliferation in lymphatic vessels and glands. These two ends 
are met by increasing the functional activity of the adrenal sys¬ 
tem, since the resulting increase of adrenoxidase in the blood by 
augmenting greatly its oxygenixing power censes (1) a direct 
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deatroction of the time bacilli that are not encapaulated (In 
tnberclea) and baitena local repair; and (2) an increased pro¬ 
duction of auto-antitoxin, which, owing to the accompanying 
leucocytoaia, augments the phagocytic activity not only of the 
blood, but of the lymphatic system.* 

Iodine is an efficient agent in this connection. Not only 
does it actively stimulate the test-organ and through it cause 
an increase of adrenoxidaae, auto-antitoxin, and thyroidaae in 
the blood and promote leucocytoaia (and therefore phagocytosis), 
but it likewise increases the vulnerability of the bacilli to the 
phagocytes of the blood and lymphatic system by increasing the 
sensitising power of the plasma and lymph.* The patient should 
be given 5 grains (0.3 gm.) of potassium iodide immediately 
after meals, in a glassful of water. In some cases, this suffices to 
develop after a few days a slight febrile reaction, the tempera¬ 
ture ranging between 100° and 102° F. (37.8* and 38.8° C.), 
with an increase of cough, freer expectoration—the sputa show¬ 
ing bacilli in some instances, although these were absent before 
—and greater distinctness of the physical signs. This indicates 
that the curative process has begun.* If these signs fail to 
appear the dose should be gradually increased by 2 grains (0.13 
gm.) every other day until 10 grains (0.6 gm.) are reached. 
If at this time the reaction does not occur (which is seldom the 
case when no diagnostic error has been made) iodine should in 
addition be introduced either by inunction or subcutaneous in¬ 
jection, resorting to either of the methods indicated below. 

If the remedy is not well borne, or if distinct progress is 
not made, more vigorous drugs, vis., thyroid extract or mer¬ 
cury, are indicated.* 

Joseph Walsh , 1 * 1 of the Phipps Institute, states that "the only 
specific which has stood the test or time In tuberculosis Is iodine.’* The 
power of this halogen to Increase general metabolism has been reviewed 
at length under "Iodine,** to which the reader is referred. That it 
affects pulmonary morbid processes Is emphasised by the fleet that In 
dogs, injections of iodine nave been found to increase markedly the 
bronchia] a ccretion. Indeed, Sticker end su b sequently Ve tl eeen*** found 
that email dev— of potassium Iodide (one tablespoonful of Ui per 
cent, solution, t.Ld.) caused the appearance of riles strictly limited to 
the pulmonary areas where tubercular lesions were likely to appear 
After two or three days the cough Is somewhat Increased and tbs axpse 
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iontkm likewise. Oat of 27 oases, the 7 that were clearly tubercular 
gave these signs; while the 20 which foiled to reset in the some way fond 
to the tuberculin test likewise ) proved not to be tubercular. E. F. 
Wella m confirmed then observations and obtained the reaction' in two- 
thirds of his eases. 

21ie use of iodoform in surgical tuberculosis suggested that it might 
also be of value in phthisis. Flick, *“ after using this drug and europhen 
in a large number of cases, concluded: (1) That incipient cases can 
almost always be cured by europhen or iodoform inunctions. (2) That 
cases advanced to the breaking down stage may be improved very much 
by this method of treatment and cun sometimes be cured. A tablespoon- 
ful of the following mixture is rubbed into the inside of the thighs and 
arms before retiring at night: 9 Kurophen, 1 draclim (4 gm.); oil of 
rose, 1 drop; oil of aniHc, 1 druelini (4 gm.); olive oil, 2% ounces (76 
gm.). Bathing the regions treated with bay-rum on rising eliminates 
all odor. Iodoform has also been recommended by Daremberg, Hansom, 
DeRensi, Knopf, Fox well, Russell and others. Flick, however, prefers 
europhen. 

Illustrating more pointedly the effects I attribute to the action 
of iodine upon the adrenal system, however, is a paper by Geo. A. Brown*" 
who employed a solution composed of precipitated iodoform (B6 per cent. 

I.) 100 grains (0.0 gm.); 126 minims (7.7 c.e.) of glycerin; carbolic 
acid 6 minims (0.3 c.c.); boiled distilled water 300 minims (20 c.c.). 
This solution is sterilised and injected after cleansing the skin and 
freezing it with ethyl chloride. In pulmonary cases 24 minims (1.4 c.c.) 
were injected at intervals varying from two to four weeks, or more 
toward the end, but with % gr. (0.010 am.) every four hours during 
the interval and inhalations of iodine. The improvement began from 
the first dose in all of the 14 cases reported, including casco of glar hilar, 
cutaneous and intestinal tuberculosis. The author states that leucooy- 
tosis is produced, that “the increase corresponds with the iodoform in; 
j pc teil,” and that it occurs with a rise of temperature. In a chart ho 
also shows a marked rise of urea excretion, which corresponds with an 
increase of appetite, and gain of flesh and strength. The curative 
process in a cutaneous tubercle is described as follows: “There is a rise 
of temperature in the first twelve hours, and by twenty-four hours one 
notices a fellow spot in the center of the tubercle, and almost complete 
depletion of the inflammatory products in the akin around the tubercle. 
The skin becomes soft and pliable. By the end of four days the yellow 
spot becomes a crust, is absorbed or falls out and leaves a small ulcer, 
which soon heals over and eventually bleaches out as sear tissue." 

Iodine is now preferred by most clinicians. It was highly recom¬ 
mended by Potain, Durante anil other European authorities, and in this 
country by Ingraham, Knapp, Fleisbevg and others. Among the more 
efficacious methods, those of Mellor Tyson, of Croftan may be mentioned. 

T. Mellor Tyson*" has used, in a large number of cases, at the 
Rush Hospital,.an iodole composed of 20 grains (1.3 gm.) of iodine to 
the ounce of olive oil, one drachm (4 gnis.) of which was rubbed into 
the skin three times a day, the dose being gradually increased to one- 
half ounce t.isi. The patients also received V* grain (0.0020 gm.) 
strychnine t.i.d., nourishing food and were out-ofdoors considerably. 

In the advanced eases the improvement was only temporary, but in the 
incipient ones it continued as long os the patients were under observation. 
The improvement covered general conditions, strength, weight, cough. 
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expectoration, dya paten, appetite, and even physical eigne. In eome of 
the incipient caaee the cough and expectoration disappeared entirely, 
while in other* they diminiehed gradually; the greatest change in the 
physical signs wae a diminution in intensity in the abnormal breathing 
sounds. The previously harsh bronchial or broncho-ve*dcular sound 
became soft and the expiratory sound seemed to be less marked. Rftlea 
that were heard over the affected area seemed to be markedly diminished 
and In eome cases to disappear altogether. 

As Croftan"* states, accurate dosage is essential, as large doses 
aggravate while too small doses prove inefficient. Tn a report of 27 
selected eases, 19 of which lind circumscribed ureas of infection, treated 
by means of iodipin injections and which gave results “sufficiently 
striking to warrant an optimistic view”—though not conclusive—pro¬ 
fuse sweats, some pyrexia, acceleration of the pulse: hypochondria worn 
observed in some instances. Beginning with one drop of iodipin dis¬ 
solved in one-lialf drachm (2 ex-.) of sterilised ail. one drop wns added 
to the dose each day, the dosage being regulated by the effect. As soon 
as Improvement became apparent the dose wns continued SO to 00 days. 
If insufficient It was increased drop by drop, not exceeding 00 minims 
(4 ca). Croftan regards incipient tuberculosis one of tlio most easily 
cured of bacterial dis ea s e a. Bee also page 27 in Vol. I. 

Certain cases, those in which there is marked pallor of the 
mucous membranes, especially of the soft palate above the uvula, 
patients with auburn hair, or in a word, eases in which the vital 
process is markedly hypoactivc, are rapidly benefited by thyroid , 
extract in 1-grain (0.06 gm.) doses after meals, gradually in¬ 
creased to 1% grains (0.1 gm.).* Such doses increase the gen¬ 
eral nutrition, and activate the defensive process more vigor¬ 
ously than the preparations of iodine.* Thyroid extract is also 
indicated when iodine or the iodides are not well borne by the 
patient.* 

The treatment of tuberculosis by thyroid extract was employed 
first by myself. In the dose mentioned In the text its use has never 
given rise to untoward effects. In incipient coses, in which the physi¬ 
cal signs are clearly marked, the benefit is sometimes obtained very 
rapidly. Tn one of my cases, a tall man weighing 170 pounds, the loss 
of weight, 46 pounds in eight months, was at once checked, and in three 
weeks ne had regained 10 pounds. He is now in perfoct health and his 
cough has completely disappeared. Thyroid extract is quite an effective 
in tuberculosis of organs other than the lungs—provided the doses used 
be not too large. It Is not indicated in the third stage. 

Klebs'" used thyroid extract to counteract the achylia gastrica of 
tuberculosis. Not only did it prove effective, but the author cites two 
c a ses in which “the weight increased markedly as a result of the thyroid.” 
The evidence is all the stronger in that the author did not realise that 
he was benefiting the general disease proper. We have seen that Morin 
(1895) noted atrophy of the thyroid in a large proportion of consump¬ 
tive*—a feet which in itself accounts for the beneficial effects I have 
observed. 
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Mercurials, we have seen, are powerful stimulants of the 
gyntein, the efficacy in syphilis being due to this prop¬ 
erty.* Calomel has been considered by some quite aa efficacious 
in -tuberculosis as mercurials are in syphilis. Small tonic doses 
should alone be used and mercurialism be strictly avoided. The 
biniodide of mercury , V« grain (0.004 gm.J three times daily 
is a safer preparation than calomel in this connection and is 
equally effective.* 

Stuart, Shattuek and Bowdltch** coincide In the view that If 
•very ease of pulmonary tubereuloeia were treated with mercury and 
potaaalmn Iodide more might be cured. Edelheit 1 ” obtained very favor¬ 
able results from the use of calomel both in tuberculosis and broncho¬ 
pneumonia and attributes his results mainly "to the property oalomel 
p o es e ss e s of stimulating organic changes and the vitality of all mucous 
membranes. Including those of the respiratory tract." The beneficial 
results were especially marked in the ohranlo type, and much less so 
in acute and subacute canes. He administers it in pill form: 
9 Oalomel, 0.8 gm. (10 grs.) j beech wood creosote, 8 gms. (30 gro.) I 
balsam tolu, 6 gms. (90 grs.]T; extract of calamus and powdered colu¬ 
mns, of each enough to make 60 pills, 0 of which are to be taken daily. 
G lam p te tro" 1 also reported a number of cases cured by calomel, which 
be considers aa much of a specific in tuberculosis as it is in syphilis. 
Other clinicians have found mercury of great value in tuberculosis. 
Miquel and Rueff, 11 * Martell 111 and others who obtained favorable results 
by using It In the form of spray, ascribe the benefit to antisepsis; but 
sprays only reach bacteria that are being eliminated. It was the result 
---interpreted from my standpoint— of stimulation of the adrenal s y s te m 
after a sufficient quantity had been absorbed. 

Agents Which Enhance the Nutrition and thb’Pro¬ 
tective Efficiency or the Lungs. — Creosote is a valuable 
remedy- in the first and second stages of tuberculosis, excepting 
those cases in which the asthenia is to any degree marked.* In 
therapeutic doses it excites the test-organ, thus increasing the 
volume of auto-antitoxin in the blood, and simultaneously de¬ 
presses the sympathetic centers.* Hie arterioles being dilated, 
an excess of blood rich in auto-antitoxin is admitted into all” 
capillaries, including those of the diseased area, and the cura¬ 
tive process is hastened.* The most satisfactory preparation is 
the creosote farbonate, which does not disturb the stomach even 
in large doses, when given during meals—half way between 
soap and dessert—and in capsules, which carry the drug safely, 
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though it Is a thick, oily liquid. Beginning with 5 drops three 
times a day, the dose can be increased gradually to 40 drops. 

The beneficial' effect of creosote carbonate is increased and 
any tendency to depress is counteracted by giving with each dose 
and in separate capsules, 8 grains (0.13 gm.) of thyroid gland.* 
The two agents can also be given to asthenic cases.* The addi¬ 
tion of the thyroid gland, by increasing the proportion of tlty- 
roidaae in the blood, also enhances its sensitizing action upon 
the bacteria (as opsonin)—a property which creosote only pro¬ 
cures when given in very large doses.* 

1 showed In the section on creosote that It could markedly depress 
both the sympathetic and vasomotor centers. This, and the fart that the 
preparations available are not always pure, accounts for the cases In 
which untoward effects have been noted. Stoerk"* taught that when it 
earned nausea or vomiting; it would do harm. This Is an excellent 
guiding symptom, since It indicates gastric dilation and asthenia; hut 
from my viewpoint this condition indicates that the use of oraosote 
should be preceded for a time by a course of thyroid extract or Iodine, 
to ov er come the general asthenia. After two or three weeks the creo¬ 
sote Is well borne. Since I have used creosote carbonate In the manner 
indicated above, even the largest dose mentioned has never caused the 
least gastrle disturbance. Chaiunier 1Tr gave from 10 to 20 ams. (150 
to 300 minims) daily without causing the least gastric disturbance. 
The true contraindications ere marked fever or tendency to repeated 

role that creosote plays in the treatment of tuberculosis 
sines it was first introduced by Bouchard, In 1877, needs no emphasis. 

Strychnine causes effects somewhat similar to those of creo¬ 
sote, but through a different mechanism. It stimulates the 
test-organ and increases the proportion of auto-antitoxin in the 
blood; but it excites also the vasomotor center and by provoking 
constriction of all arteries, causes a larger volume of blood rich 
in auto-antitoxin to circulate in the capillaries, including those 
of the diseased area.* Beginning with V„ 0 grain (0.0005 gm.) 
three times daily, the doee ia gradually increased until the 
physiological effects of the drug are noted, when the dose is no 
longer increased. Strychnine is now used mainly as a tonic 
along with other drugs, especially iodine. It should not be given 
with creosote, however, since it antagonizes its effects on the vas¬ 
cular centers.* Adrenal gland 3 grains (0.13 gm.) added to 
each dose of thyroid and creosote carbonate, in a capsule, may be 
employed instead. 
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The value of strychnine la tubereuloele waa pointed out by the late 
William Pepper, 11 * woo reported a caee cured n thle drug aa main 
remedy. T. J. liaye”* recommends It highly, and ralaee the doee from 
»/» grain (0.002 am.) very gradually until the phyaiological effeeta are 
obasrved (about V u gr.—0.006 gm.), then maintains It at that point. 
All symptoms are Improved, including the cough. Penan 1 ** likewise 
praleee strychnin*. W. F. Mllroy, 1 * who hae ueedlt oonalderably "with 
the moat gratifying re mite,” auetaina Pepper 1 * teaching that euooeea “la 
dependant upon ita administration in the maximum physiological doee.” 

Digitalis is highly beneficial in asthenic cases, especially 
when the heart is dilated owing to hypoactivity of the adrenal 
system.* Not only does it stimulate powerfully the adrenal 
center and greatly increase the quantity of auto-antitoxin in 
the blood, but the direct action of the increased adrenal secre- 

- tion on the right ventricle, by augmenting the contractile power 
of the latter, causes the blood to be distributed with more vigor 
throughout both lungs, including the diseased areas.* Digi- 
taiin s, % grain (0.008 gm.), gradually increased to % grain 
(0.016 gm.) twice daily during meals if given alone, or one-half 
these doses if given with other adrenal stimulants, is of great 
value in the class of cases mentioned.* 

In the first volume 1 ** I stated that “weakness of the right ventricle 
as a result of suprarenal Insufficiency Is aa important factor In the 
pathogenesis,*' ana also" that absolute Integrity of the adrenal system 
la “a tins qua non of perfect Immunity against pulmonary tuberculosis, 
in., against the intrusion of pathogenic germs of any kind (and par¬ 
ticularly the tubercle bacillus) in the circulations not only of the lungs, 

- but also of the intestines.'* In a recent paper, Stow 111 adduced consider, 
able evidence showing that "heart lesions accompanied by well-marked 
pulmonary stasis, thus concentrating in the fungi the immuniwing 
agents of the blood, whatever they mag he, are rarely followed by 

S atirists pulmonalls, or if this previously existed, they exert a win¬ 
ery effect upon it, and that the reverse conditions frequently are fol¬ 
lowed by pulitemary tuberculosis.” The reader must be r e ferred to the 
original for the data pr es en ted, which fully sustain what I have ad¬ 
vanced several years writer, pointing out also the Identify and the 
Bourse of the immunising agents. The dlgltalln I urn In the dgw of 
w ee s mentioned is Merck's German, which Is uniform in its action. 

The influence of high altitudes on the prevention and cure 
of pulmonary tuberculosis is due to the concomitant action of 
some of the factors referred to above.* The atmospheric pres¬ 
sure being reduced proportionally with the altitude, the volume 
of oxygen per cubic foot of air is correspondingly reduced. 
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In order to inanre adequate oxygenation, the number of .red 
corpuscles is (physiologically) increased, and the proportion of 
oxyhemoglobin (adrenoxidase) likewise. The contractions of 
the heart and vessels being more vigorous and numerous, more 
blood, richer in adrenoxidase,* circulates through the lungs in 
a given time than at a lower altitude. The conditions that 
exist under the influence of digitalis arc thus reproduced, viz., 
the lungs are more actively immunized during health and 
disease.* 

Ou&*of-door life, living in the open air as nearly os pos¬ 
sible all the time, is a potent factor in the cure of tuberculosis. 
Sunlight and fresh air are themselves remedial, the latter by 
affording the adrenal secretion as it passes the alveoli to become 
converted into adrenoxidase,* a volume of oxygen which the 
partially reduced air of a room does not afford. The balcony, 
roof, or garden, of a residence may bo used to advantage in this 
connection, warm clothing and shelter from wind and rain 
being about the only precautions indicated. The breathing of 
cold air is not hurtful, day or night, as a given volume of cold 
air contains more oxygen than the same volume of warm air. 

That the pulse-rate, the rate and depth of reeplrations Mid the 
▼Igor of the cardiac contractions are increased in high altitudes is gen¬ 
erally recognised. The fact that the respiratory exchange is actually 
Increased was shown by Bflrgi. 1 " The augmentation of red corpuscles 
corresponds with the altitude; thus Haggard, 1 ** in a table, gives among 
others the following comparative observations: Rea level, 4,074,000 
(louche); Zurich, 411 meters, S.7S2.000 (Btierlin); Davos, 15SO 
meters, 6,551,000 (Klindig); Arosa, 1800 meters, 7,000,000 (Egger); 
Cordilleras, 4302 meters, 8,000,000 (Viault). Comparative experiments 
at Basle (266 meters) and Davos (1560 meters), by Jaquet and Suter,*** 
showed, moreover, that in rabbits "the entire quantity of blood was 
greater by 14.8 per cent. In the Davos than in the Basle rabbits.” 
.Hugos rd also states that ”the hemoglobin usually increases in amount." 
De Saussure 1 ” observed in high altltudeb "a kind of fever produced by 
the frequency of the respiration, which quickens the circulation of the 
blood.” 

Space cannot be devoted to a description of the mqny devices that 
have been pro po s ed to insure adequate out-of-door life and yet protect 
the patient from the inclemencies of the weather. Considerable valu¬ 
able Information on the subject will be found in a recently-published 
work by J. B. Huber, of New York, on "Consumption and Civilisation.” 

Agents Which Cause Destruction of the Tubercle 
Bacilli Indirectly. —The beneficial effects of tuberculin are 
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indirect in Hist ft'* substance depresses the' test-organ. It 
provokst a foil of the opsonic index which lute-from a few boors 
to two weeks. This is doe to the depressing action it has upon 
the test-organ, which pnfatil* a corresponding decrease of adren- 
oxidase in the blood.* The general adynamia observed. during 
the first and second stages indicates that tissue metabolism 
is deficient from the start, owing to this factor—the identical 
one which causes the opsonic index to be low in this disease.* 
When successive doses of tuberculin are administered, the blood 
becomes too poor in oxygen to carry on catabolism (the phase 
of metabolism always morbidly influenced first), and waste- 
products of various kinds, including the detritus from the dis¬ 
eased areas, accumulate in the blood.* A peeudo-pynmia or 
septicaemia being thus evoked, the usual result follows: the 
adrenal system reacts more or less actively,* as shown by the 
rise of temperature. The blood becomes rich in auto-antitoxin; 
the opsonic index rises and the destruction of wastes and de¬ 
tritus proceeds—along with all the tubercle bacilli that are 
within reach of the blood's adrenoxidase, its thyroidase, and its 
phagocytes. 

Hence the danger of employing large doses of tuberculin. 
Hie functional activity of the test-organ and of all the organs 
of the adrenal system is lowered to such a degree, that the 
protective mechanism cannot react, and the more tuberculin is 
injected the worse this condition (the negative phase of Pro¬ 
fessor Wright) becomes. This entails another morbid factor: 
the proportion of auto-antitoxin and thyroidase in the blood 
bring greatly diminished, the tubercle bacilli are allowed to 
multiply rapidly, the adrenal system is increasingly depressed, 
while the blood is further deprived of oxygen. A vicious circle 
is started which ends in general collapse.* The discouraging 
results obtained by Koch and his followers when tuberculin 
was first introduced are thus accounted for. 

. When minute doses of tuberculin are used in chronic cases 
which show a low opsonic index and no fever, such untoward 
effects do not occur. The blood's adrenoxidase is only reduced 
sufficiently to permit a slight accumulation of toxic wastes*— 
enough to cause a reaction of to 1* 7. (0.88* to 0A5° 0.). 
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At the least increase of auto-antitoxin in the blood is destructive 
to any tubercle bacillus reached, each time such a febrile state 
is brought about many germs are destroyed and the time finally 
comes, in suitable cases, when none remain to propagate their 
kind. 1 * 

This process accounts for the manner in which tuberculin 
indicates the presence of tuberculosis, for its usefulness in 
diagnotia.* In a normal subject the presence of an average 
quantity of adrenosidase causes the tuberculin to be destroyed 
at once; conversely, a tuberculous subject whose test-organ 
(and therefore the adreno-thyroid centers) is already mate¬ 
rially depressed is always on tho verge of pscudo-pyicmia due 
to hypocatabolism.* The additional reduction of oxygen which 
the test-dose entails suffices, therefore, to produce the most 
prominent symptom of pyaemia: fever.* 

All this Is based upon the effects of Tuberculin T. R. employed by 
Professor Wright. The fact that this observer says himself that there 
occurs after its use "a period of intoxication which is characterised by 
a deoline in the antibacterial properties of the blood" which la "more 
or leas prolonged" according to the dose, shows plainly that its effects 
are due to direct stimulation of the test-organ. The character of the 
febrile process incited is plainly that described—a normal outcome of 
the depression which the tuberculin produces. 

The various explanations of the mode of action of the many vac¬ 
cines and sera tried so far, have included the word "immunity." Koch 
as cri bes it to a local action on dis ea se d areas; Ehrlich to union with 
receptors produced by tissue-cells; Marmorelc to a sensitising action on 
the tubercle bacilli, combined with a thermogenic action. Behring— 
at least his new T. C.—to a direct action on the cells of the host. 
These are In reality but guesses which th-ow no light upon the ques¬ 
tion. Wright's demonstration of the increased opsonic Index has fur¬ 
nished the most valuable indication on this score, though even he does 
not point to the source of the immunising substances. Indeed, without 
the adrenal system, which supplies all the factors required to elucidate 
the question as a whole, the problem was inscrutable. 

As to the results of sanatorium ca ses treated with tuberculin, a 
table prepared recently by Fortsscue- Brlckdale,"* gives a percentage of 
88 per cent, cares in 883 cases. In this country, Pottenger” 1 collected 
811 eases with 84 per cent, of cares. Both these series, however, refer 
only to patients in the flint stage. Von Rack, of Asheville, N. C., m who 
uses a Watery Altered extract—far eater, therefore, than tuberculin— 
has obtained good results In the three stages when the disease existed 
in on uncomplicated form, vis., 84 per cent, in beginning phthisis (171 
eases); 85.7 per cent. In more advanced eases (350 eases); and 87.3 
In the "far advanced stages" (858 oas es ). 

The cranial feature of the question, however, la the comparison of 
patients t re at e d with tuberculin, with patients In which It was not used. 
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althongh the ellmatie and other advantages were the same. Trudeau, 
of Saranac lake," 1 gives the following percentages calculated on the 
baafta of an equal number of treated ana untreated patlenta:— 


TUBERCULIN— 

Treated 

Untreated 

| XVOIFUET 

Apparently oared 

DU—s arrested 

Active 

08 per cent. 

00 per cent. 

34 per cent. 

38 per oent. 

10 per oent. 

11 pa eent. 

CDBKBOtTIiIV— 

Treated 

Untreated 

ADVAVOVD 

Apparently eared 

DImbm arrested 

Active 

37 per cent. 

0 percent. 

00 per cent. 

01 par oent. 

18 per eent. 
43 per cent. 


The poat-dlachargB mortality afforda more exact evidence, how¬ 
ever: The following table includes the caaea dladharged during the laat 
IS yean from Saranac Lake, omitting the laat year:— 



ivoitibxt 

ADVAKOXS 

■ 

Living 

Dead 

living 

Dead 

Treated 

Untreated 

79 per oent. 
63 per oent. 

31 percent. 
87 per oent. 

81 pa cent. 
36 pa oent. 

30 pa oent. 
04 pa eent. 


Although these figures do not show ao striking a result aa statis¬ 
tics baaed on all eases treated with tuberculin, the fact remains that 
tuberculin improvea greatly the chances 1 of recovery, (hie salient point 
asserts Itself, however: the advanced cases are shown to derive con¬ 
siderable benefit from this treatment in sanatoria, a fact which cannot 
be said to apply to private practice. Conversely, judging from the 
results obtained by others and my own, I believe that during the first 
and second stages of the diseas e , the use of iodine, thyroid, etc., In the 
manner indicated, and with the auxiliary measures, saline solution, 
out-of-door life, etc., affords at least as good a chance of recovery aa 
the use of tuberculin or any similar method of treatment. 

Agents Which Increase the Alkalinity of the Blood. 
—Important in connection with all the foregoing measures is 
the preservation of the alkalinity of the blood up to its normal 
standard, a condition which tuberculosis tends greatly to com¬ 
promise, thus decreasing in proportion the auto-protective func¬ 
tions of the body. The lymph circulation being rendered still 
more torpid than usual, the bacteria are retained longer in the 
lymphatic vessels and glands,* when they rapidly proliferate. 
When its osmotic properties are normal, the bacteria are swept . 
with relative rapidity into the blood-stream, where they are 
soon destroyed.* 

*4gttsr'i ossBlsitss. 

■■Siisss: Amar. Jour.-IML Bel., Ans-. IMA 






























PULMONARY TUBERCULOUS. 


1661 


The patient should be urged to drink freely of water. 
When he eats normally, the addition of sodium chloride, 10 
grains (0.6 gm.), to a glass of milk, taken twice daily, and the 
free use of vegetables to insure an extra supply of potassium 
salts to the blood, suffice.* In the more advanced stages, how¬ 
ever, the measures recommended farther on (under “Fever”) are 
indicated. 

Btadplmann”* and A. Babin 1 ** and many others have emphasised 
the importance of the lose of inorganic salts during tuberculosis. Even 
those who antagonise this view, Steinits and Weigert, 1 " admit that their 
chemical analyses showed a diminution of sodium and chlorine elements 
—both ess enti al, we have seen, to osmosis. The addition of the salt solu¬ 
tion—by enema or subcutaneous injection—in advanced cases is at times 
very beneficial. C. Rea Burr 1 " characterises as ''extraordinary” the 
effect observed in one of his advanced ca s e s. Quinton used injections 
of isotonic sea-water with success, a fact confirmed by Chauffcrd 1 " and 
others. Carles'" found the oral use of sea-water quite as effective. It 
doee not cause the sudden rise of temperature—proof, by the way, that 
the auto-antitoxin is suddenly rendered able to carry on bacteriolysis, 
etc.—observed after its hypodermic use. The sea-water is simply fil¬ 
tered, since sterilisation by heat Impairs its virtues, and taken at first 
in spoonful doses half an.hour before meals, the dose being gradually 
increased until half a tumblerful is taken. Watkins 1 ** observed "gran¬ 
ules” or "third corpuscles” in the blood In tuberculosis—obviously blood- 
platelets, the presence of which, as I have shown, indicates deficient 
alkalinity. 

Symptomatic Theatment.— Cough. — One of the moat 
pernicious habits which the empirical administration of reme¬ 
dies has introduced » the use of opiates in the cough of tuber¬ 
culosis. As they give relief by causing sympathetic constriction 
of the arterioles, they reduce the volume of blood admitted to 
the lesions and promote indirectly, therefore, the multiplica¬ 
tion of the tubercle bacilli.* The retention of sputum which 
contains billions of these germs per cubic centimeter is obviously 
an additional source of danger. Cough is a protective phenome¬ 
non, and is due usually to excessive viscidity of the bronchial 
secretions—-a baneful condition which is offset by the use of 
alkaline fluids, as stated above.* When the patient is under¬ 
going the medicinal treatments indicated in the foregoing pages, 
especially thyroid extract, the iodides, or creosote carbonate, the 
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cough soon Bhom signs of improvement, because the lesions 
themselves axe being healed and the detdtua ejected becomes 
gradually lees.* . 

Where the patient requires assistance is on rising, owing 
to the accumulation of muco-purulent secretions in the respira¬ 
tory tract during the night. If he can rid himself df these 
before leaving the bed, he is usually comfortable the rest of 
the day. To facilitate this he should first resort to posture, 
vis., lying on the side opposite to that of the affected, with his 
head hanging over the edge of the bed. The cough being aided 
by gravity, considerable sputum is thus gotten rid of—the first 
installment. He should then carefully wash out his mouth, 
and drink a glassful of hot water containing twenty drops of 
aromatic spirits of ammonia. This is soon followed by a gen¬ 
eral feeling of warmth and a desire to cough. The former 
position being resumed, the remaining muco-purulent materials 
—those in which bacteria are usually found—will be voided. 
After again washing his mouth and deansing his teeth carefully, 
the patient can then take his breakfast without being disturbed 
by spells of coughing. The same procedure on retiring tends 
much to insure a good night’s rest. 

I can only give hen the general principles of measures which 
considerable experience In such cases has shown me to be effective. 
The physician's Ingenuity will suggest many others on similar lines. 

I M«r prescribe opiates In such cases, and ascribe the good results 
obtained partly to this fact. It Is a very unfortunate fact that the 
text-books still advise the use of such remedies, hydrocyanic add, etc. 
The blind use of such agents and the feet that most cakes of tuberculosis 
are dubbed "bronchitis” at first, thus giving ample time to the bacillus 
to do its fell work, Is, in my opinion, one of the chief ns uses of the 
great mortality of tuberculous—a disease which in its Inciplency can 
almost Invariably be cured. 

It is important in this connection to distinguish between 
useful and useless cough. Some patients acquire the habit of 
coughing, and the least prickling sensation in the larynx ia the 
signal for an artificial paroxysm which they could readily pre¬ 
vent if warned that it does harm. Indeed, examination of the 
larynx in snch cases shows marked congestion, especially of the 
interarytenoid apace. When this is present, vomiting is apt to" 
occur, owing to the intense sensitiveness which the upper re¬ 
spiratory tract finally acquires. The instruction to the patient 
should be to avoid coughing until he feels distinctly that there 
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Is some mucus to eliminate. In some instances, lie is unable to 
do this, and remedies are n e c essa ry to break the habit. After 
clearing the respiratory tract before retiring, as stated in a 
foregoing paragraph, bromide of sodium , 10 grains (0.6 gm.), 
may be taken, bnt only two or three nights. The laryngeal ves¬ 
sels, thus depleted (since the bromides in small doses depress 
the blood-pressure only) a few times, cease to congest the sen¬ 
sory te rminal s of the region.* Obstinate coughs are also bene¬ 
fited by the oil of sandalwood , 6 grains (0.3 gm.) three times 
a day, or fluid extract of hydrastis canadensis , twenty drops in 
water immediately after a meal. These substances are stimu¬ 
lants and aid the curative process. At times, however, they are 
not well borne by the stomach; eucalyptus oil 1 drachm (4 
gms.) in chloroform 1 ounce (30 gms.), used as an inhalant, 
may then be tried. 

As already stated, the cough usually ceases to be troublesome after 
the general treatment recommended has had time to stimulate the dis¬ 
eased areas. When either Iodine, the iodides or thyroid extract is 
n ee d, the mum-purulent expectoration not only become* free and Is 
voided without difHcuIty, but the relaxation of the laryngeal vessels to 
which toe local irritation is dim, is ov e rcome by the fact that their 
muscular elements are the seat of enhanced metabolic activity. Urn 
caliber of the arteriolea being reduced, toe laryngeal capillaries receive 
leas b li«o d„ 

Hemoptysis is another symptom which is to a material de¬ 
gree prevented by the use, as curative remedies, of the prepara¬ 
tions of iodine dr thyroid extract, since by stimulating the 
adrenal system, they greatly increase the proportion of adren- 
oxidase in the blood.* As this body is the fibrin ferment the 
patient is supplied at all times with the ideal blood-constituent 
that will protect him.* Even hemophilics are protected, since 
their blood under the influence of thyroid extract in small doses, 
becomes coagulable in less than three minutes, as compared 
to eleven minutes when untreated.* As in most instances the 
bleeding is due to ruptured capillaries, the presence of consider¬ 
able fibrin ferment in the blood causes them at once to be ob¬ 
structed by a coagulum, thus arresting the flow; the haemor¬ 
rhage is cut abort almost as soon as begun.* 

W. J. Taylor,"* acting on my discovery that the admnmddaae of 
toe blood was toe fibrin ferment and that thyroid extract, by Ineraas- 

• AsSter'e muoteftaa. 
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lag the .prodrction of the former, would arrest the bleeding even In 
hHBOfhlua, adminletend it In 3-graln doiee (0.2 gm.) thrloe daily. In 
three surgical caeee. The coagulation time waa reduced from dnen 
and me-half mlnutee to two mlnutee and elx In the moat severe 

case, and the operation, entailing ln ci elon in the right loin and replace¬ 
ment of a kidney, waa free from hemorrhage. ‘To the aatonlahment of 
all present,” eaye the operator, "the wound waa remarkably dry, there 
being much lean .casing than le usually seen In euch operations.” Hie 
effect waa aa striking In the other two Instances. 

When a free hemorrhage occurs, the treatment of the tuber¬ 
culous process must be set aside. As the purpose is to contract 
the arterioles, morphine, not less than Vs grain (0.016 gm.), 
hypodermically, is of great value, since it produces precisely this 
effect—provided atropine be not given simultaneously as is usu¬ 
ally done, since this drug increases the propulsive action of the 
arterioles.* To prevent recurrence, veratrum viride, 5 drops 
(1906 IT. S. P.), may also be given every hour three times, then 
every three hours. By causing a fall of the blood-pressure, it 
perpetuates the effect of the morphine. Potassium bromide , 
16 grains (1 gm.), renewed in three hours, then in four hours, 
produces a similar effect,* and reduces the tendency to cough 
besides. Chloral hydrate in similar doses acts in the same way.* 
Either of these remedies does not prevent the use of a second 
dose of morphine four hours or more after the first, if needed. 

Several auxiliary measures are important. Hie patient 
should be placed in a semi-recumbent position to avoid the un¬ 
toward effects of gravity which recumbency and the vigorous 
cardiac contractions that the upright position entails, involve. 
Cold or iced compresses to tho nape of the neck, which cause 
reflex sympathetic constriction of the arterioles, and a bandage 
tightly wound around one or more of the limbs to interfere 
with the return of blood to the heart, are likewise useful. The 
patient should avoid all movements for a few hours at least, and 
be relieved of anxiety by reassuring words. 

My observe tkms In snob hum bam lad me to oonelade with Jeo- 
oond that morphine le the moat efficient remedy in hmoptyris; nd 
also with Jay,"" Piaeaetaky, 1 "* Fraenkel and others, that ergot ohould 
not bo need In hmoptyele. Aa 1 have Shown under fEraot,^ it eaneee 
a primary rlea of blood-pressure and only subsequently constriction 
of the arterioles, and even this only when large dooee are given. The 
patient le tiros forced to traverse a dangerous phase to he relieved, id 
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■|iln when the effect of the drag Is (Musing off, thus exposing him to 
gm&a&mxT hmo r rh ags. The use of digitalis, emetlee, eta, is also eon* 
py the first-named observers, and rightly, too, in my opinion. 
The effect at the ice-bag Is so ma r ked, that Ko ss b a oh obser v ed laryngo- 
blanching of the tracheal mucous membrane under Its Innu- 
enoe. Thle measure is also recommended by 8. Soils-Cohen, - * who applies 
the Ice-bag over the heart or over the seat of bleeding. 

The fever of the two first stages is a protective' process* and 
therefore does not require medication. Under tlie influence of 
the iodidea or thyroid extract, it may increase at first and coin¬ 
cide with free expectoration and perhaps the appearance of 
bacilli which had not been detected liefore. If it persists, how¬ 
ever, a good plan is to add creosote carbonate to the iodine or 
thyroid, beginning with 5 grains (0.3 gm.), but raising the dose 
only to 15 grains (1 gm.) during meals. This hastens the anti¬ 
toxic process and the pyrexia is soon reduced to a slight but 
salutary level. 

The fever of the hectic stage is partly due to a cause which 
has so far escaped attention, via., a marked rise of the blood- 
pressure, due to irritation of the vasomotor center by the great 
quantity of toxic wastes and detritus in the blood.* Large ene¬ 
ma ta of warm (110* P.—43.30® C.) saline solution once daily, 
after the bowels have been moved, or hypodermoclysis or even 
endovenous injections of the same solution, greatly improve the 
patient’s condition by promoting osmosiB* and a free flow of 
urine, which carries away large quantities of the noxious sub¬ 
stances. He should also drink copiously of a- beverage com¬ 
posed of milk and Vichy mineral water, equal parts. These 
measures afford considerable relief. 


Antipyretics do more harm than good. Thia applies especially 
to the coal-tar products, the use of which, ae emphasised by many 
observers, causes marked depression. Aspirin has been recomm e nded, 
but it causes profuse and de p re s s i ng sweating. 


The nightsweats of the hectic period are closely allied to the 
febrile process. The peripheral congestion incident upon the 
general vasoconstriction plus the febrile process, i.e., the su¬ 
preme effort which the adrenal system is making to rid the body 
of the tubercle bacilli and their endotoxin, and also, at thia 
stage, of those that constitute the “mixed infection,” becomes 
such, periodically, that the sweat-glands are themselves excited 
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to hyperactivity.* This ia mainly due to the physiological 
function ' which supplies the skin with moisture, the evapora¬ 
tion of which eools the surface. The measures just described 
are of cardinal importance in this condition, therefore, since 
they tend to rid the blood of the poisonous substances which 
exaggerate the febrile process.* Sponging of the body is very 
helpful during the sweating, and medicines should be avoided 
at this stage. 

The nightBweats of the firet and second stages, and of the 
third stage when there is hypothermia, are due to the general 
depression of the adrenal system, which, as we have seen, the 
presence of the tubercle bacilli entails.* The peripheral arte¬ 
rioles being relaxed (as under the influence of pilocarpine) the 
sweat-glands—that is to say their spiral muscles—become 
passively congested and overactive* and free sweating occurs. 
The aim here is to restore tUe arterioles to their normal caliber.* 
Airopine fulfills this precise rdle, provided, however, it is not 
given in too large a dose; ‘/m grain (0.00065 gm.) hypo¬ 
dermically, or V«o grain (0.001 gm.) by the mouth, usually 
suffices. It is preferable to morphine, which constricts the arte¬ 
rioles unduly. Another agent which acts much as does atropine 
is camphoric acid; it may be given in two doses of 15 grains 
(1 gm.) each, at short intervals, in capsules or cachets, two or 
three hours before the sweating period begins. 

I have never need camphoric add, but Stockman" 1 states that it is 
more effective than atropine and that the tendency to excessive sweat¬ 
ing soon disappears. 

Gknxrai, Hygiene.— The specified diets often prescribed 
may be reduced to the simple formula: three substantial meals 
daily. With out-of-door life and appropriate treatment based 
on full recognition by the physician of the functions of the 
adrenal system in the curative process, the chances of recovery 
are very great, at least in the first and second stages of the dis¬ 
ease.* No patient should be allowed to lapse into the third 
stage. 

PHOFHYiAxra does not, of course, enter within the scope 
of this' work, but I would urge that the very laudable and fruit- 
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fill voik done it the patent tune in thin direction thoold in* 
elude t iecamnundition to pnetitionen to attach more impor¬ 
tance to “coughs and adds” than they do. Most of the cane 
that the consultant ie called upon to examine an victims o( 
caoleeanea in tine direction, My ova plan it to treat all 
nought of obscure origin, especially those ascribed to "colds,” 
aa if I were dealing with incipient cases of tuberculosis, without, 
of course, mentioning the fact to the patient 1 proscribe 10 
minims (0,6 mg.) of crewels auionalt and V# grain (0.0016 
pi.) of strychnine, or 1 grain (Q.06 gm.) of ikpid gland 
instead of the strychnine, during each meal, and instruct the 
patient to remain out of doom as much at possible. A common 
cold or era a "bad cold" promptly disappears under this treat¬ 
ment without opiates or syrups—and the patient it fully pro¬ 
tected in cate the cough should provo to be, at it often the 
case, ie first and only sign of a tuberculous infection. 


CHAPTEB XXVIII- 


THE INTERNAL SECRETIONS IN THEIR RELATIONS 
TO PATHOGENESIS AND THERA- 
PEUTICS (Continued). 

THE ADRENAL SYSTEM IN THE INFECTIOUS DISEASES 
OF THE LUNGS (Continued). 

While tiie mortality of pulmonary tuberculosis has de¬ 
creased during the last forty years, that of pneumonia has 
steadily increased. Duriiig the year 1890 the proportion of 
fatal cases in 1000 deaths from all known causes, in the United 
States, was 90.61; during the census year 1900 the correspond¬ 
ing proportion was 106.1. The deaths reported in the registra¬ 
tion area during 1890 per 100,000 of population were 186.9. 
In 1900 this proportion had reached 198. In 1860 the corre¬ 
sponding ratio was only 44; in 1870 it was 108.4, and in 1880, 
186.8. During the'last forty years, therefore, the mortality of 
pneumonia has increased almost three and one-half times. As 
the deaths from "consumption” for the ceAsus year 1900 ag¬ 
gregated 109,760, while those from pneumonia reached 105,- 
971, the latter disease may he said to be rapidly assuming the 
leading position among the foes of humanity. Thomas Darling¬ 
ton, 1 Health Officer of New York City, states that the death- 
rate has risen steadily from 1.95 per 1000 in 1870, to 19.5 per 
1000 in 1904, and that it now leads all other diseases as a cause 
of death in our country’s metropolis. 

Referring to this appalling mortality of pneumonia, an 
editorial writer* recently asked: "Is this dreadful waste of 
human life inevitable? or is it the direct result of the nihilistic 
teaching of authorities who are grounded in the doctrine of 
’self-limited* disease, and doggedly refuse to listen to the Baser* 
tions of others as acute in observation and as honest in purpose 
as themselves, who claim that medicine is not powerless in the 

1 Thomas Darlington: Pnontlw of Um Phils. County Msi Bos., Mar. 
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face of this devastating disease, and that pneumonia has been* 
and often can be, cured without waiting for the crisis on the 
seventh or ninth day?” 

Analysed impartially, this doctrine has its muon d’etre 
with the prevailing ignorance of the physiological action of 
drugs as the foundation of a so-called "rational therapeutics.” 
Aa urged by Hobart A. Hare,* referring specifically to pneumo¬ 
nia: ‘"These are cases which remind us of the extraordinary 
bacteriolytic power of the blood, and the remarkable methods 
by which nature combats disease, and which should make us 
hesitate before we drop into the cog-whcels of such delicate 
machinery, drugs which may, if wrongly given, disorder or 
break down thiB complex mechanism.” Indeed, of all diseases, 
pneumonia is the one which would bear the least the misuse of 
drufpi—of vasoconstrictors when the sluices bearing a stream 
of antitoxin to the germ-laden areas should be widely opened; 
of oxygen-robbing alcohol when the blood’s oxygenixing power 
should be in every way increased; of cardiac depressants when 
the ventricular contractions should be sustained, etc. 

The doctrine that "pneumonia is a self-limited disease” 
disappears with the adrenal system as a foundation for the 
pathogenesis and treatment of pneumonia, for it points dearly 
to the measures that are productive of good and affords a log¬ 
ical, tangible, unequivocal explanation of tlio beneficial effects 
produced. A suggestive fact asserts itself, however, in this con¬ 
nection, vis.: that the % agents indicated are precisely those 
which dinical experience, untrammcled by the theory of self¬ 
limitation, has sustained—those identical remedies urged upon 
the profession by men who have asserted that ^medicine is not 
powerless in the face of this devastating disease,” and that it 
"has been and often can be cured without waiting for the crisis 
on the seventh or ninth day.” 

PNEUMONIA. 

Synonyms. —Lobar Pneumonia; Pneumonitis; Fibrinoua 
Pneumonia; Croupous Pneumonia. 

Definition.—Pneumonia, on infectious disease character¬ 
ised by toxemia and inflammation of one or more pulmonary 

■ H. A. Ban: riimaaflliisa of tbo Phi la- Ooanty Mad. Boc., Mar. a, IMS. 
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lobes, ii doe to the multiplication in the letter of the pneu¬ 
mococcus lanceolatus of Fraenkel and, less usually, of the ba¬ 
cillus pneumoni® of FriedlSnder, trhen from any cause the 
auto-antitoxin and phagocytes in the fluids of the respiratory 
tract, which under normal conditions destroy these germs and 
their toxins, are deficient in quality or quantity.** 

Sy mptom s and Pathology.—The morbid process may in¬ 
volve but one lobe, or a part of it, or extend to other lobes, and 
even to the other lung, thus constituting in the latter case the 
rare form of "double pneumonia.” The physical symptoms may 
thus be circumscribed or widely distributed. 

The onset of pneumonia is occasionally preceded by head¬ 
ache^ a slight cough, oppression and pain in the chest, and 
general malaise of a couple of days' duration, but as a rule it is 
abrupt, and is marked by a severs chill in adults and vomiting 
and convulsions in children. What fever may have been present 
rises rapidly, reaching 104° to 105° F. (40° to 40.6° C.) within 
a few hours, and remains high. The face is flushed end shows 
deep-red spots on the side of the affected lung, and the skin is 
dry and hot to the touch. The pulse is generally strong and 
full, varying between 100 and 180. Both the temperature and 
pulse are apt to be high in children. The capillaries, especially 
those of the surface, are flooded with blood.* In children it is 
the rush of blood to the skin which, by exciting the sensory 
end-organs therein, provokes reflex convulsions.* 


The oMli ie due to t temporary depression of the funetloue of the 
va s omotor center by the toxins when the toxanda reaches a certain 
limit As this Is followed by a general relaxation of all the -arteries, 
the blood accumulates In the great central trunks, depleting the surface. 
The peripheral temperature being lowered, the cutaneous muscles are 
caused reSexly to contract and ran rapidly—the “chill.” The physio¬ 
logical purpose of this phenomenon la to oonserre heat If possible, 
through enforced motion. That there Is depletion of the peripheral ca¬ 
pillaries was shown by MarngUano* plethyemographlcally, the volume 
of the arm being decreased during the rigor. Moreover, Gelgel* . found 
that the temperature fell at this time. 

The connection between the reaction (the rush of Mood to the 
periphery Shown by the sudden rise of temperature) and the convulsions 
In children, may he ill us tra te d fay the foci, demonstrated by Fouleton,* 
that even strychnine eonvuMons ean he preven t ed by snasthetishig with 
cocaine a frog’s skin, thus paralysing the sensory end-organs. The con¬ 
vulsions ara obviously reflex. 
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Am early symptom is a sharp pain on the affected side. 
This is accompanied by a short, dry cough which necessarily in¬ 
creases the pain (due to involvement of the pleura) is 
therefore suppressed. It is often absent in the aged. Simul¬ 
taneously, the respirations are increased in frequency, ultimately 
reaching in some cases 60 and even more a minute. 

The fever remains high until the crisis, unless the subject 
be debilitated through alcoholism, squalor, a previous disease, 
etc. The fluctuations correspond very nearly with those observed 
during health, though exaggerated at times, especially when 
nearing the crisis; the nocturnal remissions averaging in most 
cases slightly above 1° F. When the crisis is near at hand a 
marked rise, 106° F. (41.1° G.) and over, may occur. In de¬ 
bilitated subjects the temperature range is lower; when it is 
very low, i.e„ below 101 0 F. (38.4° C.), the chances of recovery 
are greatly reduced. 

The febrile process is evidently a protective one, the pur¬ 
pose being to increase the bactericidal and antitoxic properties 
of the blood.* Not only is marked leucocytosis present in cases 
that end in recovery; but this hyperleucocytosis is not observed 
in most cases that terminate fatally. It is usually absent in 
greatly debilitated, very young, and aged subjects, which con¬ 
stitute a large proportion of the mortality lists. 

Leucocytosis may be low, however, in mild cases, and also 
in cases attended with very great intoxication. In the latter, 
the test-organ, overwhelmed by the toxins, is unable to enhance 
sufficiently general metabolism, and, therefore, the functional 
activity of the leucocytogenic organs.* Here, however, the 
febrile process is likewise low, and the depression is commen¬ 
surate with the intense intoxication present. While a high fever 
ranging between 103° and 105° F. (39.5° and 40.5 s C.), there¬ 
fore, indicates a marked intoxication, it also shows that the pro¬ 
tective functions are actively combating it.* Conversely, when 
in a severe case the temperature remains low, the probability is 
that the toxins are steadily overcoming these functions.* 

Norris,* fa a serin of 500 eons treated at the Pennsylvania Hos¬ 
pital, f o und that the greatest number of wo v erie s occurred among, these 
fa which the temperature ranged between 105* and 105* F. (NJ* and 
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40JI 1 C.), while the highest mortality occurred In e sse s in which it 
fluctuated betwee n 98* and 101* F. (37.4* and 38.4* C.). Many other 
examples of this |dnd are available in literature. The »■«—««- of de¬ 
bility is well illustrated by the fact that while the average mortality 
of the BOO eases was 85 per cent., the 34 known to have been drunkards 
showed a mortality of 87 per cent. The protective *0ie of leucocytes, not 
only as phagocytes, but as the source of antitoxic, is., proteolytic fer¬ 
ments, has men shown. 1 That leuoocytosis occurs in favorable naans 
subjeot to the conditions outlined above—is now generally reeogntoad. 
Thus Ewing,* thirteen years ago, concluded that in most eases of lobar 
.pneumonia "there is a marked leucoertods. This may ta absent or 
lnoonaldarable” adds this histologist: "(a) in very mild cases; (b) in 
very severe eases in which the reaction of the system is slight. The de¬ 


gree of leuoocytosis in pneumonia is proportional, on the average, to the 
extent of the local lesion, but it follows much more exactly the grade of 
systemic reaction to the poison generated." The many researches pub- 
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is of the active polymorphonuclear variety, the actively ammboid corpus¬ 
cles being increased in greater proportion than the other forms, also 
summarises the teachings of more recent observations. All this is ap¬ 
plicable to the croupous pneumonia of children. Heim 1 * for «™npi« , 
also found an increase of leucocytes in this disease. Hypoleucooytosis 
invariably proved to be a serious prognostic sign, though not necessarily 
fatal. All the c a se s studied—nineteen—showed a great increase of poly¬ 
nuclear neutrophiles, with a relative decrease of lymphocytes. 


The febrile process remains about the some from five to 
nine days. The cough, at first short, becomes harder. In the 
beginning also, ropy, viscid mucus is expectorated, owing to 
concomitant bronchitis, but the sputum soon becomes red or 
reddish-brown, “rusty” or “prune-juice” like, and may contain 
fibrinous coagula. If gangrenous tissue be present, it may be 
very foetid. Herpes on the lips and nose are commonly ob¬ 
served. The urine is scanty, high-colored, and sometimes con¬ 
tains albumin. A characteristic feature of pneumonia is that 
the chlorides are reduced or absent. There is also great thirst 
when the fever is high. Jaundice is an early symptom in s ome 
cases. The tongue may be dry and leatheryv-a fact which sug¬ 
gests absence of alkaline salts and fluids in the blood. In sim¬ 
ple pneumonia constipation is usual, but diarrhoea is apt to 
occur in the more serious cases. 

During the fibst stage, which lasts no longer than twenty- 
four hours, the sir penetrates to the alveoli; palpation elicits a 
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alight increase of vocal fremitus; percussion, if anything, a 
slight increase of resonance soon replaced by dullness; and out- 
eviiaUon, a broncho-vesicular murmur, soon supplanted by the 
typical crepitant iile at the end of each inspiration. 

The pathological changes are characteristic. The affected 
area becomes intensely congested, and the capillaries between 
the air-cells or alveoli, and which course in their direction, are 
greatly distended. They evidently pour their contents into the 
alveoli, for the latter and the terminal bronchioles are more or 
less filled with red and white corpuscles, epithelial cells, etc., 
and blood-plasma. The leucocytes found in large quantities at 
this time are transitional cells, i.e., cells which are developing 
into adult granular leucocytes, and which, closely examined, are 
found to contain lymphocytes (broken-down leucocytes), red 
corpuscles, nuclear detritus, and bacteria. 

We are dealing evidently with phagocytic cells which are 
antagonising the intruder and ridding the air-cells and terminal 
bronchioles of detritus. Examined post-mortem at this stage, 
these cavities are found to contain a bloody or reddish exudation, 
containing, when the lung tissue is slightly compressed, air- 
bubbles. It is this exudate which, when voided by way of the 
bronchi, gives the viscid sputum its prune-juice, rusty aspect. 


Ritchie’* in a recent presidential address, said: “I think it will be 
well for us to keep a mind open for the possibility that part of the in¬ 
creased metabolism may be the expression of work done by cells actively 
engaged in operating on the invading bacteria. That this is all the more 
likely is Indicated if we correlate the known facts regarding the lacrested 
accretion of potassium and phosphorus during fever with the increased 
activity which can be microscopically observed in the colorless cells of 
the blood which contain these elements in abundance." The correlation 
between leueocytosis and the prognosis of the disease referred to above. 
ipiUf *mm the Importance at this function. The presence of transitional 
cells was demonstrated by several investigators. J. Pratt, 1 * for example, 
in fifty autopsies, found that in all cases dying within the first three 
days "the alveoli contained large numbers of cells closely r es em bling the 
so-called transitional cells'.” In accord with Ehrlich’s view that all leuco¬ 
cytes, excepting lymphocytes, are transitional cells which ultimately be¬ 
come granular, Pratt’s text shows that the cells referred to were becom¬ 
ing such, since “they were surrounded by a rim of but slightly granular 
protoplasm,’' while the nucleus was “nearly as Irregular as that of the 
polymorphonuclear leucocyte"—the typical granular ealls, which ingest 
bacteria. Councilman, 1 * in fact, observed that they were ’‘frequently 
phagocytic.'’ 


MBlteUs: Blit- B8sd. Jonr.._B«p&. 1 0. MH _ 
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The signs of the bxgond stags, that of consolidation, or 
red hepatiiation, are clearly defined: The chest on the affected 
side hardly expands, while the other aide does so with unusual 
rigor; abdominal breathing is also increased. Palpation elicits 
a marked vocal fremitus; percussion, a woody dullness poste¬ 
riorly, and a dearer though dull note anteriorly and tympany 
over the normal adjoining areas—thus affording a means of 
estimating the limits of the area involved. Auscultation affords 
information as to the degree of engorgement: if the bronchi are 
permeable, moist r&les, bronchial and tubular breathing are 
heard; such is not the case with choked tubes, however—an¬ 
other differential test, since the permeable areas can thus be 
located. Bronchophony, pectoriloquy, or egophony may also be 
discerned immediately above the hepatized area. 

The consolidated area contains cells and detritus, as it did 
in the first stage, but now the leucocytes are found, post-mortem, 
merged in with a copious network of fibrin-threads. This means 
■that during life they were surrounded by a fluid containing the 
three constituents—-phosphorus-laden nudeo-proteid, oxygen¬ 
laden adrenoxidase and trypsin—which jointly digest as auto¬ 
antitoxin not only the bacteria, but also their toxins.* Indeed, 
the typical polymorphonuclear granular leucocytes and their 
granules are found in large numbers often within the fiAt forty- 
eight hours and thereafter. .Death at this time is thought to 
be due to excessive accumulation of all the elements enumerated, 
since the fibrin is found to fill the air-cells, the small bronchi, 
etc., but as stated above, this is in reality a post-mortem change 
and the dense supply of fibrin only serves to prove that every 
available space is filled with the protective substances.* Many 
of these features are clearly illustrated in the annexed plate. 

As I hm shown in the first volume of this work, the materiel 
found In the tissues end which causes them to be termed ‘Tatty'* is not 
such: it is composed of the three constituents re fe rred to shove which 
during life are in the liquid state—all internal secretions. The pr e s en ts 
of a ferment in the blood-serum has been demonstrated reoently n DeM- 
senne and Poserskl," and their results have been eonfirmed by Hedin.“ 
The latter Investigator states, among other facts, that “the serum of 
the ok contains a weak proteolytic enzyme, which acts In an aHralfno 
medium." Ho doses his paper with the statement! “As to the origin 
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of tha anayme, nothing* can bn stated at prese n t. Yet it should be ro* 
membered that a s imil ar ensyme has bean found In the learnoytm of the 
spleen, and it therefore does not s eam to be impossible that the serum 
protease should be derived from the leucocytes u the blood or in other 
organs, either by a destructive proce ss , which might set the enayme free 
or tar an act of secretion,” the latter referring doubtless to secretion fay 
the leucocytes. That the cells which se cret e the antitoxic and bacteri¬ 
cidal bodies are present la this stage is shown by the statement of Pratt 
that in 80 autopsies the typical- ^lla, the polymorphonuclears “were 
the predominating cells in almost all the cases dying after tha third 
day,” and that “tney often appeared in lane numbers’ within the first 
forty-eight hours.*' The experiments of Boaenow 1 * showed that "the 
higher the leuoocytoeia, the fewer the number of pneumococci in the 
circulating blood. In 7 cases with a leucocytosls ranging from 9BJOOO 
to 43,000, "the number of pneumococci which developed wee very small 
Indeed, varying from 0 to 85 per cubic centimeter of blood.” At these 
germs are the source of the toxins, the importance of the protective 
process I describe is self-evident. 

When the txzxbd stage, that of gray hepatization, progresses 
favorably, it becomes the stage of resolution, for the abnormal 
physical signs enumerated gradually disappear. The rftlea in 
the bronchi become coarse and moist; this is followed by bron¬ 
cho-vesicular breathing which ultimately disappears. Consid¬ 
erable dullness over the affected area, however, may be elicited 
in some oases long after recovery. 

The onset of this stage in the lnng is attended by a still 
gre a ter influx of leucocytes and a marked decrease of the red 
cells and plasma. Hence the gray—and in old subjects the 
granite-like—appearance at this stage which contributes a large 
■haze to the mortality of the disease, owing to the interference 
with the respiratory process and the increased labor imposed 
upon the heart. 

When it marks the onset of resolution, however, it is because 
the accumulated leucocytes embody the elements necessary for 
their own liquefaction, their nuclein and trypsin. With 
the aid of the adrenoxidase in the red cells and plasma these 
leucocytes undergo a process of digestion, t.e., conversion into 
a purulent liquid which ia either expectorated or carried to the 
blood by way of the lymphatics for final conversion into pro¬ 
ducts of elimination.* At this time large phagocytes are also 
found in the pulmonary mass of detritus, which ingest in the 
main the identical polymorphonuclear leucocytes which now con- 
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atitate the only source of danger. Theee varfoua steps axe fol¬ 
lowed by the proliferation of new alveolar and bronchial epithe¬ 
lial cells, and finally by the reconstruction of the disintegrated 


The actual p r ese n ce of a substance each as trypein—capable of 
digesting not only bacteria and their toxins, but also the cellular ele¬ 
ments themselves, is well shown try the Investigations of Ftaxnu* in a 
large number of lungs obtained at autopsy. yalkewaky having demon¬ 
strated in 1888 that foments played a very important rfile in physio¬ 
logical as well as pathological conditions, Ftamer found that this was 
applicable to pneumonia in that autolysis o cc u rre d both In the stage of 
red hepatteams, though imperfectly, and in that of gray hope nation, 
in which it took place rapi«% and perfectly. 

11w presence of the lane phagocytic cells re fe rred to Is well shown 
by the following statement of nu&twi "They were found in nearly every 
ease (80). Late In the d l ee a se they were often pre se nt in enormous num¬ 
bers." As to their contents, be writes: "Rea corpuscles, lymphocytes, 
and plasma-cells were occasionally seen, hut tbs most common Indnslon 
was tbs polymorpkemiclear leucocyte. Often only nuclear fragments or 
partially digested oells were found. They also contained bacteria." 


The eritig may occur any time between the third day and 
the end of the second week, hut in moat cases it occurs between 
the fifth and the ninth day. When it is near at hand the spu¬ 
tum becomes purulent and more abundant, and is eliminated 
with comparative ease. This sign, combined with the pro¬ 
nounced fall of the temperature, the relative comfort, a refresh¬ 
ing sleep, and sometimes free perspiration which characterise 
the crisis, points to the latter as being the trne crisis, in con¬ 
tradistinction to the pseudo-crisis sometimes observed. These 
temporary falls of temperature may occur quite early, and recur 
several times. As previously stated also, the true crisis is usu¬ 
ally preceded by a more or less sudden rise of one or move 
degrees. The gradual fall to normal or slightly below takas 
from eight to twelve hours. 

The uiih marks the time when the bacteria and their toxins hare 
ban overc o me by the body’s auto-protective elements, the phagoeytio 
calls and the blood’s antibodies. Important in this connection, h ow e v er , 
le.the accumulation of tax to wastes and woni-out leucocytes In the blood. 
Welch* found that the blood of a pers on convalescing from pneumonia, 
tone or four days after the crisis, warn rapidly fatal to rabbits. Boas 
n o w* also eon om dea from his o bserv a tions that "patients with excessively 
high teuaoqyte counts an apparently more |mne to the development of 
empyema and other eomplkaaona.” These features am eloealy misted to 
the tre a tment adopted, alnes the use of appropriate m e asur es pr eve n ts 
the accumulation of these worn-out eella by facilitating their removal, 
fleet nmlIon in the blood-stream, and elimination. 
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Complloationfc— Pleurisy ia probably present in all cases 
excepting those in which the central portion of the lung is alone 
consolidated. It is sufficiently intense sometimes to warrant the 
term pleuro-pneumonia. The onset of pleurisy is attended by 
a rise of temperature, a sharp local pain, and the friction sound; 
and if empyema follow, by a marked increase of the leucooytosis 
and obscuration of-the typical auscultatory signs of pneumonia. 
Endocarditis is observed in about 1 per cent, of the eases aiul 
aggravates the prognosis, since it occure usually in persons suf¬ 
fering from some valvular disorder. The pulse is usually rapid 
and weak, the fever irregular, and there is' considerable weak¬ 
ness. Bough murmurs are usually discernible. Embolism may 
occur in various parts of the body: the right ventricle and the 
lungs especially, the brain (causing aphasia and sometimes hemi¬ 
plegia), and, rarely, in the larger arteries peripheral venous 
thrombosis has also been observed. Pericarditis is not infra* 
quently caused through extension, it is thought, of the pleuritic 
inflammation. Among other possible complications are arthritis, 
parotitis, and peripheral neuritis, otitis media, metastatic oph¬ 
thalmia, nephritis, stomatitis, hepatitis, and cholecystitis. 

When empye m a develop*, the patient’e life depends upon Its early ‘ 
dieoovoiy and appropriate treatment. In 800 eaaee of pneumonia studied 
by Bale White and Chan ins Pea roe at Gay's H.ypiUl,* 88 developed 
pyemia, te., S per cent. They attach great importance to a localised 
painful area and to adeem of the chest-wall. The temperature fella 
when crises should occur, but remains around 100* F. (87.8* C.) or 
thereabouts, and after three or four days rises again, there being an 
evening exacerbation. Endocarditis is ascribed Try Preble* to the 
pneu m ococcus In almost all e a a e e . It ia oftener on the left then on the 
right side, but the tricuspid and pulmonary valves are affected four 
times oftener than in ordinary endocarditis. Emboli ooenr in one-half 
of the cases. On the continent of Europe cardiac complications are evi¬ 
dently ran: von Bruch" only fonnd In a total of 8788 oases of 
pneumonia Off per oent. of endocarditis and Off per cent, of pericarditis. 

Etiology and Pathogenesis.—The primary cause of pneu¬ 
monia ia a deficiency in the body at huge and in the air-cells 
of the lungs, of the auto-protective elements, *.«., phagocytic 
leucocytes and auto-antitoxin. This deficiency, in turn, ia due 
either to general adynamia, or to a temporary lowering through 
’ various external 'agencies of the temperature of the mueoua 
membrane of the bronchi and alveoli.* 
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The first of these factors, general adynamia, is brought on 
By conditions now knownto impair the so-called “vitality/* i.e„ 
debilitating diseases, deficiency of food, alcoholism, overwork, 
confinement in overpopulated quarters, such as workhouses, 
prisons, tenem ent s, etc., where aSratian is defective and sunlight 


‘Cltim famish-the largest proportion of deaths .In 
(h. England, Ballard? 1 witnsseeddS 


. . . * efaglo work- 

, hue ni Mlddleeborough, faglud, Ballard? 1 witnessed 48 oa ses . Rod- 
aP'otaarvad lift mass In a'prison containing 730 Inmates. Dab** 
itad seseeaatvety four brothers, than thalr mother. , The latter 
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_ suc cumb ed, her mother, who had oome to attend the burial, also 
acquired the iHtirrin and died. Equally suggestive emnplaa of tha 
contagion enaee of tha dlseaae have bean observed by Hosier, 1 !? A. Boss 
Matbeeon" Hamilton" Newshokne- Kuhn," Zlmmarmanxi," and Boko- 
loff* Tbs latter author oonaludas, after an analysis of 83S0 oases, that 
pneumonia ean be transmitted from patient to patient in hospital wards. 
By fa* 1 **^ the patients and disinfecting 'the wards previously ooonpied 
by them, Sokokn obtained a marked reduction both of the number of 
eases and of the complications in t ho se isolated. That infection ean 
oee n r frotn contaminated quartern was farther shown fay Jaworsld and 
GhfostOwekV* who treated five ea eee in a house which had not been free 
from pneumonia since I860. 

There is a marked predisposition to pneumonia during the 
first five yean of life. The large proportion of deaths in chil¬ 
dren under one year old is due to artificial feeding, the infant 
being thus deprived of the antitoxin which the mother’s milh 
alone affords; in cow’s milk, which is, of course, used some 
time after being drawn, the adrenoxidase is reduced by the 
nucleo-proteid, and the antitoxin is thus decomposed*. After 
tip age of twenty yean there is a steady increase of vulnerability 
until old sge. is reached, when,’ with increasing years, the death- 
lste is very largo. This form, senile pneumonia,-ie due, from 
my viewpoint, to the fact that senile failure of adrenal functions 
predisposes aged individuals to pneumoooccic infection. 

This fs illustrated In the table given below, prepared from the 
United States censuses for 1880 and 1800. It gives the proportion of 
- deaths during each census year for the five periods of lias mentioned 
therein per flinumrd ensue of pneumonia i— - 
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Fn 1000 Cakh w Pneumonia. 

Cmhui Year. VlntSTnn. 5 to 18. 20to38. 40 to SB. 00 and above. 

1800 304.7 70.2 105.8 203.0 225.4 

1000 382,0 50.1 147.0 171.5 230.2 

The highest death-rate la thus shown to lw borne by the two ex¬ 
tremes of life. Tn both Infanta and tbe aged the Infection la due to in¬ 
adequate defensive activity, owing to absence of the maternal milk in 
the former and to senile duct ]cm glands in the latter. 


Tin ring middle life (between twenty and fifty-nine yearn) 
pne umonia occurs more frequently among males than females, 
owing to the greater exposure and hardships to which the former 
are exposed. From the fifth to the twentieth year, however, ije., 
during childhood and adolescence, and during old age, the op¬ 
posite is the case. This is accounted for by the greater vulner¬ 
ability of the weaker sex. 

During the census year 1880, the excess over females during this 

E rriod of life was 22 per cent., and in 1800, 20 per cent.; but in early 
fancy, i a, up to 5 yean, the difference between sexes Is insignificant. 
Thus In 1880 it was 0.04 per cent, in favor of the males, and In 1800, 
0.03 per cent, in favor of the females. Prom the fifth to the twentieth 
year, however, which includes the periods of childhood and edolessnosb 
a noteworthy feature asserts itself: The females preponderate during 
both census yean: 20 per cent, during 1800 and 10 per cent, during 
1000. After the sixtieth year the preponderance of females over males 
Is striking: in 1800 it was 25 per cent, and In 1800, 30 per emit. 

Traumatism of the chest, a contusion, fractured ribs, etc., 
may lead to pneumonia even without giving rise to a solution 
of continuity of the pulmonary tissue. This is duo to the dis¬ 
turbing effect of concussion on the pulmonaiy cellular elements, 
nod to the consequent weakening of the local defensive proc- 


Thia form of pneumonia has been termed by Litten" “oontuaiona 
pneumonic." Souquea- studied 48 cnees due to Mows upon toe chest 
without eolation of continuity of the pulmonary parenchyma. He found 
a pleura-pneumonia In the majority of oases, but the course of the pneu¬ 
monia Inall instances did not differ from that of cases usually ascribed 
to Infection. He found pneumococci in tbe sputum of bis esses. Man- 
dlllou, 1 * Gauthier, 4 * and others have found the pneupmooecus in abscesses 
developed under such conditions. In a case, immediately following a foil 
upon toe pavement, witne s se d tar Stolid 44 the typical leslo ne^ of eraup eue 
pneumonia were p re sea t, though toe injury of toe thorax bed been In- 
suffldent to he recognisable. 
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Exposure to cold and dry air—not damp air aa la generally 
taught—predisposes to the disease, but only where the pathogenic 
organisms are present in the respiratory tract 

Pneumonia k loss frequently met with in rural district! than lu 
eltks. It is only exceptionally met with among Bailor*. Ballard* state* 
that it was extremely ran among Napoleon’s ti ope during the retreat 
from Moscow notwithstanding the extreme hardships experienced. In 
large centers, Paris, for instance, similar conditions give rise to dissimi¬ 
lar results, for haekman contribute largely to the yearly contingent of* 
victims. Under such conditions exposure to cold Is a prominent factor. 
In '7B oases recorded by Chomal, cold is incriminated 14 times, while 
Grisolle found this -cause to prevail in 40 of 206 caeca. Dampnese is 
thought to Increase the morbid effect of cold air, but H. B. Baker* baa 
shown conclusively that' this belief Is based upim an erroneous inter¬ 
pretation of the actual condition of the air when it is said to be cold 
and damp. Cold air can hold relatively little moisture because its mole¬ 
cules are dose together; warm air, on the other hand, can accommodate 
considerable since its molecules are far apart. Indeed Guyotfs tables* 
based on Reanaulfs experiments show that air at sera F. contains per 
cubic foot (absolute humidity) when saturated with pure vapor, % grain 
Troy; at 32 de g r e e s it contains 2 grains; at 70 degrees, 8 grains; at 
08 degrees, 18.60 grains. It is cold, dry sir, therefore, which lowers the 
resistance of the body to infection. 

Ether-pneumonia is due to a similar condition.* The anes¬ 
thetic, owing to its rapid evaporation from the bronchi and 
alveoli,* lowera the temperature of the broncho-alveolar epithe¬ 
lium, and of their contents. As ferments are activated by heat, 
this lowering of the temperature inhibits the activity of the 
proteolytic ferment in the leucocytes and the auto-antitoxin in 
the juices of the air-cells and bronchioles, which, under normal 
conditions, destroy the pathogenic bacteria and their toxins.* 
The germs are thus allowed to increase and to cause the disease. 

This exemplifies the action of inhaled, cold, dry air aa well. 

General adynamia proves pathogenic in the same way, 
though indirectly. Starvation, squalor, fatigue, etc., entail in¬ 
adequate nutrition not only at the body at large, but also of 
the organs that constitute the adrenal system, including the - 
pituitary body.* Aa a result leas adrenoxidase and trypsin are 
formed, and fewer leucocytes are present in the blood.* Again, 
the epithelial lining of the alveoli and the fluids bathing them 
are inadequately supplied with its protective constituents, and 
infection occurs if the pathogenic bacteria present on those of 
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pneumonia, and if their number is sufficiently great to 
what protective elements are present. 

Mrt dinlknff , Bordet; Ehrlich, Morgenroth, Zlmmennann, and other* 
an la accord aa to the fact that it ia thla aubcUnee which enable* the 
complement (the tiyp*l*like agent in the blood) to deatroy wornout 
blood-eel la, bacteria, etc. The complement being endowed, according to 
Ehrlich, with digestive power*, the immune body bring* it into contact 
with the pathogenic element*, and these are dissolved. It is as certain 
tint leucocytes containing this trypsinlike ferment and capable of shed¬ 
ding their nucleoprotdd granule* an present In the alveoli. Finally, 
since It la hen aa I have shown that the adrenal accretion becomes con¬ 
verted into adrenoxidaaa, it la hen that this substance must be en¬ 
dowed with its highest efficiency. 

The micrococcus or diplococcua lanceolatus of Frinkel is 
generally considered as the specific organism. It has been found 
in all portions of the respiratory tract, and in healthy individuals 
in the mouth, nose, Eustachian tubes, and larynx, and may per¬ 
sist a long time in the saliva of persons who have suffered from 
the disease. These organisms, and others that may be present in 
the air inhaled, pullulate in the bronchial fluids and even in 
those of the alveoli when the local defenses are inadequate. 

Andrew EL Smith" compares infection to a "process of germ-cul¬ 
ture going on in a culture medium, each air-cell acting aa a tiny test- 
tube, and filled with thia culture medium.” Pasteur and Netter have 
found the micrococcus lanceolatus in the buccal secretions of 20 per cent, 
of well persona and aocept Grossmann’a view" that the pathogenic micro¬ 
organisms of pneumonia are "drawn downward into the reeptratorv tract 
by aspiration during ether narcosis,” the type, we have seen, of exist¬ 
ing conditions provoked by a reduction of the temperature ia the alveoli, 
however produced. 

The pneumococcus of Friedlinder is another organism 
thought capable of provoking pneumonia. It differs from the 
diplocoocus lanceolatus in being single iryfand of in pairs, and 
in being oval instead of pointed at one end, i.e., “lanoe”-shaped. 
In some eases it is the only bacillus found. When this bacillus 
penetrates the blood the case is greatly aggravated. It is also 
found in pure culture in the various organs which become the 
seat of complications. It is often present in connection with 
pyogenic organisms, especially the streptococcus. Hence the 
name “streptococcus pneumonia” given to some cases of the 
disease. 
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That cmh in which the pneumococcus is found in the blood offer 
a very unfavorable prognosis was noted by Sello." Of 12 out of 48 e ss es 
(selected from a series of 750) in which it was present, 10 died. Of the 
balance of his cases, 36 in which the pneumococcus was not found but 7 
died. Tbia was confirmed by Cole" after a study of the blood of 120 
cases, and of the literature of the subject. “The organisms obtained from 
the more severe and fatal cases” were "either more numerous or more re¬ 
sistant to unfavorable conditions.” Sachs* witnessed a case in which 
practically all organs were the seat of abscesses due to the organism. 
Instances in which it was found alone in the tissues and lungs, have been 
reported by Philippi,” StUhlem 11 and others. In a report of an epidemic 
at the Leavesden Asylum, Sinigar* emphasises the virulence of this or¬ 
ganism. Interpreted from my standpoint, the presence of any bacillus 
in the circulation means insufficiency of the adrenal system and n marked 
diminution of the blood's bactericidal properties. Indeed, Mttller* 1 ob¬ 
served experimentally "destruction of tlie bacteria by the juices of the 
lungs.” 

Treatment.—This may be divided into two general indica¬ 
tions: (1) to enhance by appropriate remedies the protective 
activity of the blood’s immunising cells and fluids, and (2) to 
auatain the efficiency of the protective reaourcea of the body 
by measures which are known to preserve the physiological 
fluidity-and osmotic properties of the blood. 

Agents which Enhance tub Activity op thb Immu¬ 
nising PnocEss.—The efficiency of the blood’s bactericidal and 
antitoxic properties can be increased by the use of agents which 
enhance the functional activity of the adrenal system and simul¬ 
taneously tend to inhibit the multiplication of bacteria in the 
lungs. In the senile form injections of adrenalin, 10 minium 
(0.6 gin.) in a syringoful of saline solution should be given every 
three hours, avoiding any win—a life-snving measure. 

Creosote carbonate, administered early, in the senile as well 
as in the various other types, is as nearly a specific in pneumonia 
as quinine is in malaria, provided sufficiently large doses, 10 to 
15 grains (0.6 to 1.0 gni.) bo given frequently enough, i.e., every 
two or three hours. Besides causing the arterial blood to cir¬ 
culate with greater freedom through the diseased areu, it pro¬ 
motes the production of auto-antitoxin, and thus enhances the 
destruction of tlie pathogenic germs and their toxins.* 


■ Author'* run elution. 
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“ Cole: John* llopklns Hoap. Dull.. June, IMS. 
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** Blnlxur: lancet. Jon. 17, IMS. 
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Creosote carbonate produces no gastric disorders, and al¬ 
though the urine is sometimes rendered smoky, it causes no 
renal or cystic disturbance, even when the above doses are in¬ 
creased two or three times. The accumulation of toxins which 
occurs under other treatments does not take place, owing to the 
feeble resistance of the specific organism of pneumonia and the 
influence of the remedy, and the crisis is often replaced by 
lysis. The fever may, in fact, disappear within forty-eight 
hours. It is usually given in a solution of glycerine and pepper¬ 
mint water, but, though an oily liquid, it may be readily given 
in capsules, followed by a mouthful of water. It must he con¬ 
tinued some time after subsidence of the fever, to avoid recur¬ 


rence. 

Hie use of this agent in pneumonia was introduced by Cassoute of 
Marseilles in 1888, and it 1ms grown to be regarded by mimy observers, 
including A. H. Smith" and W. 11. Thomson,** as the moat efficacious 
remedy at our disposal. In a aeries of 1130 cases treated by various 

g ractitloners and collected by I. L. Van Zandt** the mortality was only 
per cent. In sixteen personal cases Van Zandt had no deaths. Tuttle 
and Carter* 1 recently reported 600 cases treated by them in six yean. It 
reduced their mortality from 22.8 to 7 per cent. Baldwin, of Rome, 1 * who 
gives os much as 30 to 40 minims (2 to 2'/j gu>.) every three hours, had 
18 consecutive eases without a death, while the prevailing type of the 
disease was fatal. Brott and Montgomery** hod a mortality of 14.8 in 67 
raum t. But they gave it every four houn only, whereas the other obser¬ 
vers named gave it oftener, t.c., every 2 or 3 hours, thus sustaining the 
bactericidal action of the remedy. Equally good results are obtained in 
children os shown in the series of coses reported by Seifert," Louis 
Fischer,* 1 and several European observers. Conversely, O. F. Stokes of 
the Navy** gave creosote carbonate successfully in cases ranging from 
25 to 74 years, the latter being a very severe ease. Wilcox" treated 33 
eases without a death—avoiding all other drugs. It has been highly 
recommended by ,T. B. Philips," Burdett O’Connor," Fletcher," and 
others. Beverley Robinson" considers creosote vaporised in the patient's 
room valuable as a prophylactic. 

Sodium salicylate has properties similar to creosote car¬ 
bonate, and has given equally good results. By exciting the 
test-organ it provokes an increase of auto-antitoxin, including 


"A. H. Smith: Med. Rw.. Mar. IB. IMS. 
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thyioidaae, in the blood, and bj exciting aimnltaneoualy the sym¬ 
pathetic canter, causes the arterioles to propel the blood with 
increased vigor into the diseased area, thus enhancing mark¬ 
edly the bacteriolytic and antitoxic process.* But it often pro¬ 
vokes excessive sweating, tinnitus aurium, severe headache, and 
sometimes hematuria. It is also contraindicated when cardiac 
lesions are present. Conversely, it reduces the pleuritic pain 
and the thirst causes defervescence by lysis and greatly reduces 
the severity of the disease. It may be given in 8 to 10-grain 
(0.S to 0.66 gm.) doses, every two hours, to adults, when creo¬ 
sote carbonate is not obtainable. 

Although Talamon and Leoorchfl" failed to hasten defervescence, 
DaBecker™ found it exceptionally valuable in infantile pneumonia. Sab¬ 
ring" had only one death in 100 eaaee, some of which received the salicy¬ 
late alone. It is also recommended by Sir Hermann Weber n and De- 
Beeker. Pye Smith 11 limits its nee to eaaee complicated with rheumatism. 
P. D. Reese™ recently reported twenty-one eaaee of pneumonia with but 
two deaths, one of the fatal cases being a woman of 83 years. 

Among other agents of this class which have been tried and aban¬ 
doned are creosote, oarbolio add, eucalyptol, and naphthol , owing to the 
irritating action on the kidney. 

Quinine likewise floods the diseased area with blood rich in 
auto-antitoxin.* But this result is not obtained with small doses, 
since these only excite the vasomotor center and raise the blood- 
pressure.* Large doses, however, increase powerfully the pro¬ 
pulsive activity of the arterioles by exciting the sympathetic 
center, and simultaneously the adrenal center.* So far it acts 
much as does sodium salicylate. Quinine is endowed with an 
additional virtue, however: that of acting as a direct bacteri¬ 
cidal agent, the pneumococcus offering-but alight resistance to 
agents capable of acting as does quinine upon the plaamodium 
malaria.* 

Quinine in large doses may thus he effective in pneumonia 
because it causes the arterioles to flood the diseased area, with 
blood rich in auto-antitoxin and an additional and powerful 
germicide.* Creosote carbonate (vide supra) however, is safer. 
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Quinine has-been used by a few European clinician*, some, Juer- 
potman* * having given it in 5-gram (77 gr.) dom. Recently W. J. 
Galbraith, of Cenenea, Mexico," called attention to the great value of 
thla mode of treatment, emp h a iirin g; however, the need of very large 
1 I 9 — —a view thoroughly euatalned dv the interpretation of ite action 
I hate submitted. Hu method ia aa follow*: "Flrmt a warm bath, fol¬ 
lowed by a calomel or phosphate of coda purge. The drat done of qui¬ 
nine ia given three hours later provided the atomach is not disturbed. 
If the temperature is 105* F. (40.5* C.) or over he gives from 00 to 70 
grains (4 to 4.0, gm.) of quinine sulphate, followed in an hour by 
usually half the same dose. If the temperature ranges between 105" 
and 104* F. (30.5* and 40* C.), from 40 to 50 grains ( 2.8 to 3.3 gm.) 
are given as above. If a lower temperature ia found, he gives 40 grains 
(2.0 gnu), hia minimum initial dose. The use of the tincture of the 
chloride of iron ia begun within three or four hours after the second dose 
of quinine, and in doses ranging from 10 to 15 minima (0.0 to 0.9 c.c.) 
at intervals of from two to six hours, depending on the condition pf the 
pulse. In case the temperature rises to 101" or 102* F. (38.3* or 30.9* 
C.), after it has readied the normal or subnormal mark, he adminis¬ 
ters from 40 to 50 grains (2.0 to 3.3 gm.) of quinine at one dose and 
continues the iron In 15 minim (0.9 c.c.) doses every three or four 
hours. He protests against any compromise in the way of dividing the 
doses of either iron or quinine during the active pneumonic stage. If 
the stomach ia rebellious it may usually be overcome by chknetone or 
pepsin and guaiaeol. He dresses his patients with aa light-weight cloth¬ 
ing as possible and provides thorough ventilation and advises plenty of 
liquid nourishment.” A number of physicians. Dm. Oustetter, Carpenter, 
Haney, Butaow and Dudley, all of Cananea,—where the mortality of 

P neumonia Is exceedingly high owing to the atmospheric conditions and 
he altitude,—have confirmed his observations in their own practices. 
From 75 per cent, in a very large number of eases, Galbraith's mor¬ 
tality, for example, dropped down to 2 per cent. Oustetter*" of the Ma¬ 
rine Hospital Service in the same reoion, reduced his average mortality, 
00 per cent., to no death in the 30 eases with the same treatment. 

8 . 8 olis-Cohen n advocates the use of the soluble double hydro¬ 
chloride of quinine and urea in 50 per cent, solution by intramuscular 
injection, with fresh air. When the blood-pressure is low, lie adds in¬ 
jections of cocaine hydrochloride solution or an extract of posterior 
pituitary. In cases of prolonged fever and delayed convalescence, he also 
uses pneumococcus or mixed vaccines. 

An important feature connected with tlte treatment of 
pneumonia ia the preservation of the normal osmotic properties 
of the body fluids.* If the blood is abnormally viscid, as is the 
case when its alkalinity is low, its bacteriolytic and antitoxic 
properties are so hampered that the beneficial effects of the 
remedies are greatly compromised.* 

Agents which Pukskbvk the Efficiency of the Pbotec- 
ttve Resources.— Blood Sait *.—This object is met by supplying 
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to the blood the salts it requires in order to conserve its normal 
fluidity and its normal properties. By thus facilitating the 
circulation of blood in the tissues, including the lungs, the latter 
are not only supplied with the protective elements available to 
disintegrate the bacteria and their toxins, but the toxic and acid 
wastes are freely drained into the blood-stream and transformed 
into eliminable products. 


The salts of the blood “have most Important functions” recently 
wrote nowell,” “they maintain a normal composition and osmotic pres¬ 
sure in the liquids nnd tissues of the body," . . . “Moreover, these 

salts constitute an essential part of the composition of living matter.'* 
Jacques Loeb“ also states that, “the sodium ions of the blood as well as 
of thp sea-water, are essential for the maintenance of life-phenomena.” 

In the first volume I pointed out that in pneumonia a large 
amount of sodium chloride was consumed; that owing to re- 
stricted diet or anorexia, the patient received an inadequate 
supply, and that the vital and defensive functions being increas- 
ingly hampered, the chances of death were considerably in¬ 
creased.* 

The reader is referred to the first volume 11 for the experimental 
evidence contributed fay Metchnikoff, Behring and Nlanen, Paul, von 
Fodor, Blumentbal and many others in support of this conclusion. 
Barlow" alluding to diminution of the bloods alkalinity during fever 
soys: “The cause of this change is quite unknown . . . but what¬ 
ever the true explanation may be, it is probable that the change is highly 
Important for the organism, for it is an unfavorable sign in febrile dis¬ 
ease, and it is known that diminished alkalinity of the blood goes l»«"d 
in hand with increased susceptibility to infection.” 

In pneumonia the chlorides ore soon diminished in the 
urine, then disappear entirely. Inasmuch as even moribund 
cases are sometimes saved by saline solution hypodermodysiB, 
the need of sodium chloride is self-evident, and if introduced 
into the blood from the outset of the fever as suggested by my¬ 
self** and not late in the disease as now practiced, the blood’s 
protective functions and its osmotic properties may be ade¬ 
quately sustained throughout the disease. 

Beale many years ago showed that the chlorides disappear from 
the urine to accumulate in the lungs. Huchard also emphasized the im¬ 
portance of this symptom. Hutchison** found, on the other hand, that 
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fhe chloride* were takan up by all fixed tissues. Boehrieh and Wild" 
obwrvod that when the criala occur* and a rapid favorable change 


r*r*r+*** 


“ V V** “• increase ie proportionately gradual, the normal proportion 
being readied in throe or four day*. Failure to rapidly increaaeis an 
unfavorable aim. Henry, who lint used hypodenuoclyaia in “deaper- 
ately ill” cased" nevertheless saved eight out of ten of tlieao cases. A* 
similar results have been obtained by others when nil other means had 
failed, the physiological aid given by the salt is unquestionable. Yet, 
being recommended in text-books Only for desperate eases, it is now 
rarely employed. Kwart and Pfercivnl" for instance stale that saline 
Injections “were powerless to cheek the fatal course” in "the worst type 
of cases.” How can It be otherwise when the whole body is overwhelmed 
with toxins 1 


Hypodennoclyeia aud intravenous injections of wilinc solu¬ 
tion involving the frequent use of a large hypodermic noodle, 
thus giving pain and exposing the patient to absccsaett, arc not 
appropriate for repeated use. The oral use of saline solution in 
the manner and under the conditions indicated on page 1307 
meets all therapeutic indications, llypodcmioclysis may be sub¬ 
stituted when, in advanced easea, an immediate etTect is required. 

The orat use of saline solutions was introduced by J. B. Todd, of 
Syracuse, N. Y.“ Inspired by my views, he employed it early in all hia 
ea s e a , with prompt and satisfactory results. For an adult he gives 10 
grains (0.6 gm.) of sodium chloride and S grains (0.3 gin.) of potas¬ 
sium bicarbonate, dissolved in 8 ounces (230 gm.) of water. A tea¬ 
spoonful of lemon juice added to this mixture thus transforms it into 
an effervescent beverage which is gratefully taken by the patient. This 

a uantlty may be given to febrile cases every two hours. The potaa- 
jum bicarbonate antagonises acidosis. J. Madison Taylor" obtained 
similar effects in the pneumonia of children. This corresponds with the 
results reached by predecessors who, though unaware of the influence 
of salt solution on tne immunising processes, employed injections early. 
Thus in ail cases in children reported by l-einuire,” he found that “tlio 
blood-pressure was promptly raised, diuresis was increased, the whole 
organism, notably the nervous system, was powerfully stimulated, oxida¬ 
tion was enhanced, and all recovered.” F. W. D'Kvelyn,* 1 II. K. Thomp¬ 
son" and others have also extolled the value of this measure in severe 


Skxilb Pneumonia; Hypoadbisnia.— We have seen that 
caaea in which leucocytosia fails to occur, either through general 
adynamia, alcoholism, or when, owing to a profound toxicmia, 
the toxins have caused adrenal insufficiency, the chances of 
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recovery are greatly reduced-* A deficiency of adrenoxidasc 
being the direct cause of the adynamia, agents capable of in¬ 
creasing the functional activity of the adrenals are indicated.* 
j Digitalis .—In asthenic cases (excepting senile pneumonia, 
see first volume, page 12), digitalis should be used besides the 
a lira lint* beverage and the creoeote carbonate or quinine. This 
agent satisfies several requirements: By powerfully stimulating 
the adrenals it strengthens the action of the heart and the propor¬ 
tion of auto-antitoxin in the blood.* As in asthenic cases, there 
is relaxation of the arteries, full therapeutic doses of digitalis — 

8 to 19 minims (0.5 to 0.8 gm.) of the tincture, or digitalin. 
Ho to % grain (0.0065 to 0.01 gm.), are required three times 
daily to obtain adequate effects.' 

That digitalis provokes leuoocytosis was shown by Naegell-Aker- 
blom" and Borinl.** Von Jaksch"* long ago emphasised the need of such 
an agent in pneumonia. Its action on the heart Is familiar to everyone. 
All these properties plainly account for the remarkable results obtained 
by many clinicians since Traube In 18fi0 first suggested, its use, and es¬ 
pecially since Petreeeu" obtained a mortality of 1.2 to 2.6 per cent, in 
1102 soldiers. This was ascribed to the youth snd vigor of *these men, 
but as shown hr LSpIne, Mosius, Flnkel, Landousy and others, this 
reason is not valid. All elinicians agree, however, that in order to ob¬ 
tain beneficial effects, large dosee are necessary. Franc" refers to 
equally good results obtained with dlgltaline. Beaten" and Arnold and 
H. C. Wood, Jr.,** have shown that the doses usually prescribed are prac¬ 
tically useless. 

A drenalin and Piiuitrin .—In the heart failure of advanced 
cases and in Benile pneumonia, these agents have been found of 
value, especially where other stimulants failed. The action of 
adrenalin is enhanced by adding jtituitrin in equal quantity, 8 
minims (0.75 gm.) of each. Digitalis stimulates the adrenals 
and the production of their secretion, but in senile pneumonia, it 
is contraindicated because of the inability of the organs to re¬ 
spond to the stimulation. Adrenalin injected with one syringe- 
ful of saline solution very slowly is very effective in these cases. 
It may be given in doses not exceeding 8 minims (0.5 gm.) of a 
1:1000 solution, at short intervals according to the needs of the 
case. Adrenal gland, 3 grains (0.2 gm.), every two or three 
hours, has been found valuable as a general stimulant. 
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*■ A. Ony* iued suprarenal extract In the above done la six 
<***■ The etlnnlathm erne marked; the heart reacted promptly and 
the general-symptoms were favorably influenced, eapecially In aged sub¬ 
jects* H. L Eisner*** used adrenalin with advantage In aevnal rnara la 
one of theae its use, after strychnine had failed, promptly In c re as e d the 
cardiac power and the blood-pressure. 8. Holis-Cohen 1 ""' prefers supra- 
renalin triturate given every ten minutes with a little sugar of milk. 

Other drugs have proven useful in this connection, namely, 
strychnine, pilocarpine, alcohol, xtraphanth im, atropine, caffeine, 
ammonium carbonate, ami nitroglycerin given in the nsnal thera¬ 
peutic doses, hut adrenalin, injected, is more effective. 

Agents which Counteract Kxcehsivk Arterial Ten¬ 
sion and Pulmonary Engorgement. —When the disease oc¬ 
curs in strong plethoric individuals, the protective reaction is 
so violent sometimes that the lungs become excessively congested 
through undue arterial tension and the heart becomes overbur¬ 
dened. Marked dyspnoea and even cyanosis may then occur— 
conditions which some clinicians meet by bleeding. This meas¬ 
ure reduces the congestion, but, of course, at the expense of tho 
blood’s protective constituents. Viewed in this light, bleeding 
is an unscientific measure and is not recommended, especially 
since we have remedies capable of relieving the patient without 
compromising his prospects of recovery. 

Veratrum viride, by depressing the activity of the vaso¬ 
motor center, correspondingly diminishes the pulmonary en¬ 
gorgement Bincc its main cause, excessive blood-pressure, is 
diminished through the resulting dilation of the groat central 
trunks. The dangerous resistance to which tho heart is sub¬ 
jected is also removed because the "patient is bled into his 
own circulation,” as Wood says. The temperature » likowise 
lowered and perspiration is provoked. The tincture of veratrum 
viride may be used, 8 to 16 minims (0.5 to 1.0 gm.) (1905 
U. S. P.) being given eveiy two hours until the desired effect 
Is produced. It is only indicated, however, in sthenic cases. In 
such, veratrum viride assists the curative process since it causes 
relaxation of the arteriolea, thus admitting more blood—which 
is always rich in auto-antitoxin in sthenic cases—into the dis¬ 
eased area.* 
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H. C. Wood 1 * 1 state* that although veratrum viride aan produce 
■terming symptoms, it is the safest of cardiao depressants. Dickerson,*** 
JUttenhouse, 1 * Atkinson,*** Hill, 1 " Stephens, 1 " and others praise it highly, 
the last named after using it in M cases. Illoway 1 " also found it valu¬ 
able in children in doses varying from H to H drop (2 to 4 drops, 1900 
U. 8. P.) given every hour and a half. 

I hare obtained effects similar to those of veratrum viride ■ 
bj means of full doses of sodium bromide, i.e., 20 to 30 grains 
(1.3 to 2 gm.) every three hours, giving it only until the dysp¬ 
noea was relieved. The rough and pain are also favorably in¬ 
fluenced. Its action is similar to that of veratrum viride: by 
causing general vasodilation it depletes the congested areas.* 
It is especially useful when there is delirium. 

When an immediate effect is required, i.e., when there is 
great dyspnoea or cyanosis, nitrite of amyl inhalations, which 
cause general vasodilation, are indicated, the effect being sus¬ 
tained with nitroglycerin given internally. 

The indlaeriminata use of the latter drug, especially in sthenic 
cases, is a dangerous practice. As Hare states, “it has come to be em¬ 
ployed with the idea that it is a circulatory stimulant, which is an 
entirely erroneous conception.’* 

The management of a case of pneumonia, in the light of 
my views, reduces itself as regards remedies to the following 
general principles: (1) creosote carbonate in any kind of case, 
sthenic or asthenic, or sodium salicylate if creosote carbonate is 
not available; (2) quinine in asthenic cases, including alco¬ 
holics, the ill-fed, overworked and obese subjects; (3) digi¬ 
talis or thyroid gland, or in emergencies adrenalin, when the 
protective reaction of the adrenal system is deficient; (4) 
veratrum viride or the bromides when tho vascular tension is 
excessive in sthenic subjects as shown by dyspnoea, duskiness 
or cyanosis; (5) amyl nitrite aud nitroglycerin when these 
symptoms become threatening; (6) saline beverages in all cases 
attended by fever.* 
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BRONCHO-PNEUMONIA. 

Synonyms. —Capillary Bronchitis; Catarrhal Pneumonia; 
Lobular Pneumonia; Aspiration Pneumonia; Deglutition Pneu¬ 
monia; Suffocative Catarrh. 

D efinitio n. — Broncho-pneumonia, an inflammation of the 
bronchioles, lobules anti often of the parenchyma of a circum¬ 
scribed portion of both lungs, is due to the multiplication therein 
of pathogenic organisms, particularly of the piicuiiioeoccus, 
streptococcus pyogenes and staphylococcus pyogenes, owing to 
a deficiency in tho mucus and mucosa of the respiratory tract, 
of auto-antitoxin and phagocytes, which, under normal condi¬ 
tions, destroy these genus and their toxins. The deficiency of 
these protective agents may be due cither to local or general 
adynamia: local, as after aniesthesia, tracheotomy, prolonged 
inhalation of granite dust, etc.; general, ns after debilitating 
diseases, or owing to marasmus, rickets, senility, etc., the pri¬ 
mary cause of which, in the latter case, is hypoactivily of the 
adrenal system.* 

Symptoms.—The development of broncho-pneumonia varies 
to a certain extent with the cause, but as a rule the onset is not 
sudden, as in pneumonia, liecausc the initial phenomena arc 
bronchial. These consist of a stubborn cough, a moderate rise 
of the temperature and pulse, vomiting and sometimes convul¬ 
sions. If it develops as a complication, the primary disease 
changes its aspect; eruptions such as those of measles or scar¬ 
latina become less defined or disappear; the cough of pertussis 
loses its characteristic sound, etc. 

When the pneumonic inflammatory process develops, the 
temperature, from perhaps 100° F. (37.8° C.) that it was before, 
now rises—unless tho original disease be a debilitating one— 
to 102* F. (38.9* C.) and above—as high as 104.5° F. (40.3° 
C.); the pulse becomes rapid: from 120 to 150; repeated slight 
chills occur, and the cough becomes more severe and harassing. 
The febrile process is extremely irregular, both it and the pulse, 
which is, as a rule, feeble and frequent, varying with the in¬ 
tensify of the pulmonary lesions and the fluctuations of the 
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Arterial tension. As a role, however, the temperature gradu¬ 
ally rises during two or three days, remains at the highest point 
one or two days or more. Then occurs a remission, followed in 
turn by a new exacerbation, etc. The breathing becomes rapid, 
and the child soon shows evidences of di s t re ss i ng dyspnoea, until 
Anally the lips and face become cyanosed. This may be fol¬ 
lowed by a leaden hue or lividity with dilation of the pupils— 
signs of impending, dissolution. * 

The child may pass away at this time, but often the accu¬ 
mulation of carbon dioxide in the blood dulls sensibility* the 
irritable cough improves and though the lividity of the face con¬ 
tinues and the respiratory rate is very high, and the pulse 
suggests by its rapidity, weakness and irregularity a lethal 
trend, a change for the better occurs and the child is soon 
restored to health. 

The physical signs are mainly those of bronchitis; fine 
sibilant and mucous riles or sonorous ronchi are heard on both 
sides, the percussion note being but slightly modified from the 
normal, though a slight increase in resonance is sometimes ob¬ 
tained. When the base of both lungs is involved, dullness over 
the diseased area, with some bronchophony and fine subcrepi¬ 
tant rides suggests consolidation; but if these signs are fuga¬ 
cious, disappearing at one time to re-appear at another, they 
indicate temporary exacerbations of local congestion which 
cease as soon as convalescence begins. 

In aged subjects the occurrence of broncho-pneumonia is 
very probable when dyspnoea suddenly occurs in the course of 
. a bronchial catarrh, the respirations rising from 26 to perhaps 
40. Adynamia, dryness of the tongue and a high fever, delir¬ 
ium, etc., then follow in rapid succession, the typical physical 
signs of broncho-pneumoni a soon becoming evident. Cyanosis 
is a more serious symptom than in children in these cases, owing 
to the lack of recuperative vitality which senility entails. Hence 
the great fatality of the disease in such subjects. 

In adults especially in sthenic subjects, the dyspnoea is apt 
to become severe very early, the fever soon rising to 104° ?. 
.(40° C.). The expec to ration is free and often tinged with 
blood, and a red spot on both cheeks attests to the kinship of 
the eondition p re s en t to lobar pneumonia, with the physical 
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signs of an interne bilateral bronchitis, and In many inataimea 
the general phenomena of a general typhoid state. 

In infants the disease occurs most frequently during the 
first six weeks of'life. The infant refuses the breast and sow 
shows respiratory distress, some fever or perhaps hypothermia. 
In some instances convulsions occur among the earliest signs 
of the disease, and are soon followed by its typical phenomena. 
It is very frequently fatal, corresponding in this particular with 
the broncho-pneumonia of the aged. The mortality is especially 
great among bottle-fed children. 

Hardy** in a study of 150 fatal e as es found that the mortality 
waa 7.7 times as great w bottle-fed as in breast-fed children. This is 
readily accounted for in the light of my views by the fact that Urn 
maternal milk supplies the infant with auto-antitoxin which protects 
it against Infection. Even fresh cow's milk fails to do this, since the 
rsacthms to which the auto-antitoxin is submitted within a few min¬ 
utes after it is drawn, deprive it of its bacteriolytic and antitoxic prop¬ 
erties. The question is a complex one which 1 will treat elsewhere at 
length. 

Etiology and Pathogenesis. — Broncho-pneumonia, as its 
name implies, is a combination of bronchitis and pneumonia, 
and occurs msinly in children before the third year and in aged 
subjects. It is occasionally observed in the adult In children 
it may develop idiopathically, from a cold, beginning often 
with coryza or laryngitis, or both, especially when the subjects 
an debilitated, anaemic, poorly fed, etc. In about two-thirds 
of the cases, however, it occurs hh a complication of measles, 
scarlet fever, pertussis, diphtheria, erysipelas, infantile diarrhcea 
and variola, often owing to exposure to draughts, inadequate 
covering, etc., during convalescence, while the child is still weak. 
We thus have precisely, as in pneumonia, a debilitated body as 
soil for the development of the pathogenic organisms. 

The primary form is due to the pneumococcus, while the 
secondary form ia ascribed to the streptococcus mainly, but also 
to other bacteria: the pneumococcus of Friedllnder, the ba¬ 
cillus of infawnM , of typhoid fever, of tuberculosis, the bacillus 
coli communis, etc. Host of these are derived from the upper 
res pi ratory tract and the month. Broncho-pneumonia may also 
be caused by the inhalation of stone, steel, coal and other dusts, 
and by the aspiration of particles of food or, in the newborn, 
of lochial discharges. 
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Samuel West" 1 states that broncho-pneumonia Is ■—ociated with 
several varieties of pathogenic organisms, the streptococcus, the staphy¬ 
lococcus, the tubercle bacillus and others, but that- chief among all Is 
the pneumococcus, which is present either alone or in association with 
others in at least 50 per cent, of the ca s es . The bucco-pharyngeal origin 
of the pathogenic organisms was shown by Pasteur, Natter, Thost and 
Bessor. 11 * Darler >u states that the development of the disease Is favored 
by diminution of the body’s resistance to infection, and that all debili¬ 
tating influences predispose to it. Tyson 11 * also holds that “all influ¬ 
ences depressing to life, such as overwork, fatigue, the air of badly ven¬ 
tilated and crowded houses. Insufficient food, and defects of hygiene” 
act as predisposing causes. 

The debilitated condition of the organism at large being 
attended by a corresponding condition of the adrenal system, 
the pulmonary secretions arc inadequately supplied with auto¬ 
antitoxin and phagocytes, and the bacteria inhaled are free to 
multiply.* The bronchial fluids soon become, therefore, laden 
with pathogenic bacteria and what toxins some of them may 
secrete. They excite, therefore, a primary bronchitis, a local 
inflammatory process, which extends from the bronchi to the 
bronchioles, causing bronchiolitis, the so-called “capillary bron¬ 
chitis.’* The bronchioles become obstructed through the in¬ 
flammatory thickening of their walls and by the inspissated 
inucuB secreted, and the alveoli no longer receive air. Hence 
the cyanosis, which corresponds in intensity with the number 
of alveoli rendered useless by the morbid process.. 

Simultaneously adotlicr pathological condition is devel¬ 
oped, i.c., involvement of the parenchyma of the lung surround¬ 
ing each inflamed bronchiole. As the corresponding alveolus 
becomes depleted of its air, it collapses (atelectasis) and is 
itsolf soon involved in the inflammatory process. As many 
inflamed bronchioles and alveoli are merged together by a simi¬ 
lar process, an area of consolidation is finally formed. This 
does not mean, however, that the inflamed structures are de¬ 
stroyed, for after death they are usually found to have retained 
their anatomical conformation, and may be inflated by means 
of a tube inserted into a bronchus. But every evidence of a 
very acute inflammation is present, capable, if not arrested, of 
finally causing obliteration, of such large areas of air-cells that 
life becomes impossible. 


so 
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Important in this connection is Hie fact that the pulmon¬ 
ary lesions are partly auto-pratuctirc, in the souse that the 
inflammatory process has for its pur|>oge the destruction of the 
pathogenic organisms and their products, and the repair of 
destroyed tissues.* An intense hypencmin is present, the 
blood-vessels being distended and tortuous, and the capillaries 
are so engorged that some are ruptured, allowing blond to ooxe 
into the bronchi and stain the nmco-purulcnt substances 
expectorated. 

It is this intense hypenemia that is relieved when the car- 
lam dioxide accumulates to such a degree in the blood, that the 
little patient is brought to the verge of death.* if the con¬ 
solidated areas arc so numerous that the oxygenation becomes 
inadequate, dissolution follows, but if a sufficient pro|u>rtion of 
the inflamed areas are still in a condition of atelectasis, tho 
more or less rapid disgorgement of the capillaries of the bron¬ 
chioles opens up a corresponding number of alveoli.* The 
additional supply of oxygen the laxly now receives serves to 
tide it over the dangerous period, until another auto-protective 
factor asserts itself and brings on recovery, via., the accumula¬ 
tion in the blood of toxic wastes.* Indeed, gradually as the 
intake of oxygen is being reduced, catabolism lx.'cnmes steadily 
more imperfect until such time when the tissues, owing to their 
superior affinity for it, utilize all the gas available. Filled with 
toxic wastes, the blood violently stimulates the previously 
torpid test-organ, and a flood of auto-antitoxin and a host of 
phagocytes invade all the fluids of the body, including the blood 
of the diseased area, destroying the pathogenic germs and their 
toxins, and the patient suddenly, as we have seen, becomes con¬ 
valescent.* 

Treatment.—All the cardinal measures that have stood the 
test of time in the treatment of this disease have a common 
physiological action: that of stimulating the adrenal center.* 
Calomel , one of the most active agents of this kind* at our 
disposal, is regarded by many practitioners as the most efficient 
Initial remedy when given early and in sufficiently large doses 
to produce catharsis after a few doses have been taken, */, 
to Vi grain (0.008 to 0.01 gm.) every two hours with sodium 
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bicarbonate, for a child under one year of age. It enhancea 
not only the production of auto-antitoxin, but also the vulner¬ 
ability of the bacteria to the phagocytes by increasing the pro¬ 
duction of thyroidase, ».«., opsonin.* 

Suggestive in this connection is the fact that diphtheria 
antitoxin has been used with success, from 1000 to 3000 units 
being injected. It should be renewed if necessary. 

Edelheit of Vienna 1 '* used calomel with suocch in broncho-pneu¬ 
monia, and held that its chief properly was to promote metabolic proc¬ 
esses. Marfan gives small doses every hour. 

Antitoxin was first tried by Montgomery Pa ton, of Australia, who 
considered it as a specific. It was also used by Joseph O'Malley, of 
Philadelphia,* 1 * who was also led to conclude that it Is a most valu¬ 
able agent, especially in secondary broncho-pneumonias, from 1000 to 
3000 units being used in the ca s es reported. Uninterrupted convales¬ 
cence followed. 

Potassium or sodium iodide , which also stimulates the 
teat-organ—and through it the adreno-thyroid center*—is also 
an efficient remedy. It may be given to children in 1- or 3- 
grain (0.065 or 0.2 gm.) doses every 3 hours, with a tablespoon¬ 
ful or more of water. Iodoform in %-grain (0.03 gm.) doses, 
has also given excellent results. Its action is similar to that 
of the iodides. 

Albert Abrams, 1 ** as a result of observations in 61 cases, reached 
the conclusion that the most Important features of the treatment of 
broncho-pneumonia were compressed air and potassium iodide. Iodo¬ 
form, according to Oambardetla, 11 * causes rapid dissipation of the pul¬ 
monary symptoms and fevers. Its unpleasant odor renders it obnoxious, 
however, and it offers no advantage over the iodides. 

Another remedial measure which has been highly recom¬ 
mended is the cold bath. This agent, like other forms of cold, 
causes an accumulation of waste-products in the vessels of the 
skin, by lowering the catalytic activity of the cellular trypsin. 
It brings on, therefore, the critical period which ensues whim 
the little patient approaches dissolution, which ends when the 
waste-products violently stimulate the test-organ.* It is espe¬ 
cially indicated when the temperature is high, and contraindi- 
' cated only in asthenic cases and when the cardiac action is 
defective. Cold pack to the chest is likewise beneficial and acts 


like the cold bath, but with less intensity.* ^ 

La Gendre*** holds that the temperature of the first bath should 
he 82* F. (27A" C.) and last from S to 10 minutes; and that the fol- 
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lowing baths-may be from 75* to 65* F. (23.0* to 18.4* C.), but never 
lower. D'Eapine and Picot contend that the flret bath should be at BO* 
to 05* F. (Mi* to 35* C.), and aubeequent ones 80* F. (30* C.). 
Butinel atatea that the moat striking effects of the cold hatha are an 
increased excretion of urine, saliva and digestive fluids—precisely the 
results to be expected by an increase of metabolic activity such as that 
which follows stimulation of the adrenal center. 

Zangger 11 * reported 10 cases of broncho-pneumonia in children 
three months to eleven years of age, in which defervescence was real¬ 
ised in one to four days. The author ascribes this favorable result to 
hla me t hod of giving the little patients from one to seven “half baths" 
of four to seven minutes each, the water at a temperature of from 30* 
to 28* C. (88* to 82.4* F.), gradually reduced to 28* or 24* C. 
(78.8* or 75.2* F.). The room must be moderately -warm, and the 
child be placed in a bath-tub with only enough water in it to cover the 
body, leaving the breast almost uncovered with water. The child is 
rubbed during the bath, and after two minutes cool water is added to 
bring the water down to the desired temperature. The little patient is 
then rubbed dry with warm towels and put buck to bed. These half 
baths are given night and morning; a little milk in given to the child 
before and after the bath. The diet should be milk, diluted or not, and 
cold spring water should be sipped frequently. The author's experi¬ 
ence has been that these baths twice a day raise the blood-pressure, 
strengthen the heart, promote expectoration and soothe the nervous 
irritability, etc., much better than any other measure. 

The wet compress system of Prof. Leraoine, of Lille, is easily car¬ 
ried out, and insures almost uniform succcss. lu The child is stripped 
to the waist, and a piece of gause (tarlatan) folded in six or eight 
doubles, and so cut that it reaches from the clavicles to the umbilieua 
in front and to the sacrum behind, and wide enough to overlap in front, 
is steeped in hot water, so as to remove as much of the starch as pos¬ 
sible, and when properly wrung out it is plunged again into cold water 
(the temperature of the room). The gause is then squccsed as much 
as possible, and applied around the thorax and the upper portion of the 
abdomen; a piece of oil-silk of the same sixe is placed over this so as 
to prevent evaporation. The child is then dressed and put to bed. At 
the end of half an hour the application is renewed, and so on as long 
as the symptoms (temperature over 100* F. T37.8* C.], with vespers! 
exacerbation, agitation, quick-breathing, etc.) require It. There exists 
no contraindication to these wet compresses. 

Holt m recommends the cold bath followed by friction for infanta 
when the temperature reaches 105* F. (40.5* (\), and the cold pack for 
older children. 

Measures which induce congestion of the skin and thereby 
deplete somewhat the pulmonary congestion are preferred by' 
some clinicians. The mustard-paste poultice is probably the 
moat efficient of these external applications. They tend also 
to enhance the antitoxic activity of the blood by increasing its 
temperature, and therefore the activity of its auto-antitoxin.* 
The mustard-linseed poultice is also regarded as efficacious. 
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Winter*'" state* that when there 1* filling up of the bronchial 
tube* and numerous moist rales, there I* nothing more valuable than 
tiie mustard paste composed of 1 part of mustard to '4 of flour applied 
over the chest several tunes a dap. Sheffield 1 " recommends the following 
poultice: “0 parts each of flaxseed-meal and camphorated oil; 1 to 2 
parts of mustard and a sufficient quantify of boiling water to make A 
thick paste bp thorough stirring. This mass Is spread on thin piun 
or paper (two layers) and applied snugly to the cheat and back. The 
child is then wrapped in an oiled-silk jacket, lined with absorbent cot¬ 
ton, and in a blanket, which, with the hyperpyrexia of the bodp, main¬ 
tains the heat of the poultices; so that it requires renewal but three 
or four times in twenty-four hours.” 


The obstruction of the bronchioles (which admit the air 
into the alveoli) being due to intense congestion of their walls, 
a remedy capable of reducing the quantity of blood supplied to 
them, by causing constriction of the local arterioles, is indi¬ 
cated.* Belladonna, is especially active in this particular, and 
is very beneficial when given in sufficiently large doses. Opium, 
given in the form of Dover’s powder, acts much in the same 
way,* is especially effective when the cough is severe, but it 
tends to cause constipation, and should be avoided if possible. 

Coutts 1 " in a series of 80 cases only lost 2 by giving 34-graln 
(0.018 gm.) doses of the extract of belladonna (B. P.) every three or 
four hours. Flushing and a definite scarlet rash may appear, but 
after a few doses the dysnmea ceased and the temperature fell to nor¬ 
mal. D. A. Ilodghead, of San Francisco, 1 " also obtained excellent re¬ 
sults in 20 cases. He first gives calomel, l / m grain (0.0080 gm.) every 
hour, until a free movement is obtained, and between these doses, also 
every hour, 2 drops of the tincture of belladonna. As improvement 
begins the belladonna is reduced to 1-drop doses hourly. Tin mortality 
was 0 per cent. He states that like results were obtained in three 
London hospitals, whereas by the older methods the mortality was 80 
to 80 per cent. 


The congestion of the bronchioles may also be reduced by 
agents which depress the functional activity of the vasomotor 
center, the general relaxation causing the blood to recede from 
the pulmonary and other capillaries.* The most active agent 
of this kind is nitroglycerin , of which Vsoo grain (0.00013 gm.) 
may be given every hour to a child one year old; and it is 
especially valuable when the heart is oppressed and failing. 
Sweet spirit of niter is a milder agent of this kind. Alcohol 
produces the same result, but in another way, vis., by becoming 
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itself oxidised, thus depriving the blood of some of its oxygen 
and reducing it in proportion to its efficiency aa ail antitoxic 
agent* 

When any of these remedies are used, o.rygen inhalations 
should be administered simultaneously, to enrich, as much as 
possible, the air inhaled while the bronchioles are patent 

Late in the disease, cardiac failure is mainly due to failure 
of the adrenals. Hence intramuscular injections of adrenalin 
1:1000 solution 5 minims (0.3 gm.) in a syringeful of saline 
solution repeated every three hours if required. In adults 
three drops of itiiuiirin in addition prolong its effects. 

Text-books recommend digitalin, strophanthua and other cardiac 
stimulants, but their use is indicated only in iwthonta ruses. The heart 
fails in sthenic cases because the resistanee of the Mood-column is too 
gteat for it, and in the rest because its walls am not receiving enough 
blood, owing to excessive vasomotor constriction of its mmnnrim. Car¬ 
diac atimuianta whip up the organ to drive it more rapidly to ita doom. 
In weaklings, however, these agents are valuable. 

The high fever which attends practically all rases, causes 
the alkaline salts of the blood to lie utilized with unusual 
rapidity, especially sodium chloride, which is constantly being 
voided with the excretions and secretions, the urine, the sweat, 
saliva, and tears.* The blood loses its bactericidal and anti¬ 
toxin activity gradually as its alkalinity is being reduced, and 
acidosis is becoming more manifest. Osmosis, which should 
be normal to insure the freedom of all secretory functions— 
particularly in pulmonary disorders, of the glandular elements 
of the bronchi—becomes markedly impaired, and the time finally 
comes when practically all the fluids of the body can no longer 
fulfill their functions.* 

The aim should be, therefore, to keep the organism sup¬ 
plied with alkaline salts. In children old cnongh to expectorate, 
and adults, the first evidence that these salts are beginning to 
fail is the viscidity of the sputa, soon followed by great diffi¬ 
culty in “raising” them, and a marked increase of cough. 
Ammonium chloride or carbonate, by increasing the alkalinity 
of the blood, corrects, these morbid phenomena. Large doses 
are not necessary and tend to diBtnrb the stomach: */« grain 
(0.016 gm.) in a child under 1 year of age; */, grain (0.08 gm.) 
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for one from 2 to 3 yean old, and from 1 to 3 grains (0.065 to 
0.2 gm.) for older subjects, every two hours, suffice. It should 
always be given with as much water as the patient will take. 
Liquor ammonii acetatis is another valuable agent, given in 
doses varying from 5 to 30 drops—also in considerable water— 
according to age. 

The onset of collapse is not only advanced, but may be 
actually caused by the absence of sodium chloride in, or low¬ 
ered alkalinity of, the blood, or both of those conditions. 
Uypodermoclysis promptly restores the patient—even when he 
is approaching the moribund state, in some cases. In the 
infant, 4 to 6 ounces (120 to 180 gms.) of normal saline solu¬ 
tion may be injected slowly under the scapula, and renewed 
if necessary. Hypodermic injections of aromatic spirits of 
ammonia, 2 drachms (8 gms.), being injected into the arm, 
repeated as needed, have also been found useful. 

Still better than all these measures is to avoid the need 
of them by using alkaline beverages from the start, thus keep¬ 
ing the blood supplied with its normal salts.* The measures 
indicated on page 1367 may be utilized, reducing quantities 
according to age. Satins snemata ,rectal injections of warm 
saline solution, are also of very great value, especially in young 
children. 

I cannot sufficiently emphasize the importance of not 
waiting until the disease is far advanced, to resort to the use 
of alkaline beverages. Their ubc should begin when the patient 
is first seen. Quite as important is to supply the patient with 
fresh air, i.e., air not partially deprived of any of its oxygen, 
and with all the water he wants to drink. 

The use of normal saline solution in this disease has been found 
very advantageous by J. Madison Taylor 11 * what used as ordinary bev¬ 
erage. Lemafre** used hypodermoclysis in 11 eases of infantile broncho¬ 
pneumonia, 8 ouneee (180 gm.) bung injected under tin shin of the 
abdomen or thigh in children 8 years old and over. Under that age 
the injections were 8 ounces (80 gm.) three times a day. All the cases 
recovered. Injections of the aromatic spirits of ammonia were found 
very effective, though somewhat painful, by H. Morel l.“ He states that 
the action of the remedy is noticed almost .immediately, the fees losing 
its livid color and becoming flushed. 

"*J. Msdlsen Taylor: Nodical Record, Jan. U, UN. 

Domain: Loo. ell. 

“H. MoroU: N. T. Mod. Jour.. Sept. T, UN. 



-CHAPTER XXIX. 


THE INTERNAL SECRETIONS IN THEIR RELATIONS 
TO PATHOGENESIS AND THERA¬ 
PEUTICS (Continued). 

THE ADRENAL SYSTEM IN THE CATARRHAL AND NERVOUS 
DISORDERS OF THE RESPIRATORY TRACT. 

The four diseases studied in the present chapter are 
intended to exemplify the manner in which the adrenal system 
reacts when exogenous or endogenous irritants assail the 
mucosa of the respiratory tract. Under Acute Bronchitis 1 sub¬ 
mit the manner in which the traehco-bronchial mucous mem¬ 
brane becomes the scat of an acute inflammatory process 
through the operation of a factor whose pathogenic influence 
has been abundantly confirmed but not explained. Bronchial 
asthma illustrates a complication which endows the disease 
with its autonomy as a morbid process, namely, hypersensitivc- 
ness of the vagal center in the pituitary body—and the man¬ 
ner in which stricto-dilation (the mode of action of all motor- 
nerves) provokes muscular contraction—the minute bronchial 
muscles, in this instance. A kindred disorder, hay-fever, 
serves to indicate how the some process operates in the nasal 
mucosa, where the stricto-dilators regulate the flow of blood 
into sinuses, which thus become engorged with blood, causing 
the copious secretion, marked obstruction, etc., observed in this 
disease. This process prevails as well in acute coryza and in 
other disorders of the upper respiratory tract, which cannot be 
treated in full in* this volume. The fourth disease analyzed, 
pertussis, exemplifies the manner in which cough is elicited by 
irritation: a reflex excitation of the vagal center (or tri¬ 
geminal cepter, if the nasal field is involved), the violence of 
which is such in this disease as practically to exhaust the lungs 
of air, thus necessitating sudden and violent inspiration, the 
characteristic “whoop.” 


( 1891 ) 
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ACUTE BRONCHITIS. 

Synonyms.— Tracheobronchitis; Acute Tracheobronchitis; 
Acute Bronchial Catarrh. 

Definition. —Acute bronchitis, an acute catarrhal inflamma¬ 
tion of the tracheo-bronchial mucosa, is the expression of a 
local protective process characterized by an increase of auto- 
antitoxin and phagocytes in the secretions, having for its pur¬ 
pose the removal or destruction of irritants carried to “the 
mucosa either by the air (dust, vapors, etc.), or through the 
blood (toxic wastes, antitoxins, toxins, etc.).* 

Symptoms and Pathology. —Throe types of acute bronchitis 
may be distinguished. The first of these is the afebrile form, 
starting, as a rule, with an acute coryza, soon followed by a 
feeling of oppression behind the upper part of the sternum, 
more or less headache, languor, and sometimes muscular pains. 
The expectoration is at first viscid, then opaque and purulent. 
There is usually some hoarseness and in some cases aphonia. 
In normal adults this form is quite benign, but in children it 
may lead to broncho-pneumonia. Tn aged or debilitated sub¬ 
jects (especially if scoliotic) the congestion of the bronchial 
mucosa and the imperfect elimination of the pulmonary secre¬ 
tions may sufficiently embarrass the smaller bronchi to canw 
asphyxia. 

The second is the febrile form, in which the phenomena 
are all much more marked, being those of a true infection, viz., 
severe headache and malaise, repeated chills followed by fever, 
which may reach 104° P. (40° C.) in the afternoon or even¬ 
ing. Then follow the thoracic symptoms: dyspnoea and tight¬ 
ness about the chest, retrosternal rawness and pain traceable 
upward along the trachea to the larynx. Here a sensation of 
pricking or tickling provokes paroxysms of severe, dry cough, 
attended with little or no expectoration, and very distressing 
on that account. Soon, however, the sputa are brought up with 
more ease, and finally in abundance, being at first viscid, then 
nmoo-puru 1 ent, and finally purulent. The tongue is coated 
there is usually anorexia or dyspepsia. Such an attack, left 
to itself, usually lasts from ten days to two weeks. 
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The third, or secondary form, iih it* name iiiiplipt*, wcun 
as a complication of other diseasea, mcaulcs, typhoid fever, 
variola, influenza, erysipelas, scarlatina, diphtheria, etc. It 
differs in no way from the second or febrile form as to its 
symptomatology, the various phenomena enumerated being 
merged in With those of the primary disease. 

The physical signs in all three forms vary with the inten¬ 
sity of the morbid process. In the afebrile form but slight, 
if any, change from the normal is discernible unless the case 
be somewhat severe and approximate the febrile form. In the 
latter, the dyspnoea is attended by a compensative increase of 
respiratory movements, and bronchial fremitus. On ausculta¬ 
tion, the respiratory sounds arc exaggerated and differ accord¬ 
ing to the caliber of the bronchi from which it originates, the 
larger bronchi producing a grave note resembling snoring, the 
smaller, a sharp whistling or sibilant note, both during respira¬ 
tion and expiration. As the Recrction increases, the rftles be¬ 
come moist, as when air is blown through water. These 
sounds are best heard posteriorly all over the chest and on both 
sides. In secondary acute bronchitis, the moist or subcrepitant 
idles begin at the base of the lungs, where dullness on percus¬ 
sion is noticeable, especially in certain areas. 

The predominating pathological feature is hypenemia of 
the Capillaries of the bronchial tubes. In severe cases this may 
be sufficiently marked to cause tumefication and infiltratior of 
the bronchial mucosa, a true oedema capable of materially 
reducing the caliber of the smaller bronchi, and even of causing 


asphyxia. 

This Is only partly due, as shown below, to a local Inflammatory 
process caused by a vicarious elimination of pathogenic elements. The 
foeal hypenemia coincides with the dry rough, but this is soon succeeded 
by Increased activity of the mucous glands and the abundant secretion 
produced coon gives rise to a free expectoration. An abundant'local 
hueoeytoels occurring simultaneously to rid the respiratory tract of 
any detritus, the sputa acquire their muco-purulent character. This 
stage usually terminates a mild case. In the more severe cases des¬ 
quamation of the ciliated epithelium takes place, followed fay lesions of 
the deeper structures. In the bronchitis of certain infections, diphtheria, 
typhoid, etc., the hypenemia may be followed by the local formation of 
a false membrane which, according to Oornil and Ranvier, is replete 
with mlcrocood. 


Etiology and Pathogenesis.—The exogenous causes of acuta 


bronchitis are those which, auch as dust or irritating vapors. 
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reach the bronchial tubes and their ramifications with the air 
inhaled, and are capable of irritating mechanically or chemic¬ 
ally their mucous membrane. This form is observed mainly 
among individuals who are exposed to such irritation in the 
course of their occupation, millers, knife grinders, etc. 

The majority of cases met with, however, are due to endo¬ 
genous causes, the vicarious elimination by way of the 
lungs, of poisons formed in the body as a result of some morbid 
process.* Thus, exposure to cold and damp is a most prolific 
source of bronchitis. The warm—and perhaps perspiring— 
skin is exposed to conditions, a draught for instance, which sud¬ 
denly reduce its temperature. Tissue catabolism requiring a 
certain temperature (without which the trypsin, the ferment 
upon which the process depends, will fail to act), it is mate¬ 
rially impeded as long as the exposure lasts, and quantities of 
toxic products of imperfect metabolism arc* formed.* Being 
gradually transferred by the lymphatic circulation to the 
blood-stream, these toxic-wastes soon reach all parts of the 
body and are gradually eliminated by the urine, sweat and 
mucous membranes. The mucosa of the upper respiratory tract 
taking part in tliiB process and being readily irritated by the 
special poisons (as it is by iodine and other substances), it 
becomes inflamed, its most sensitive portion, that lining the 
nasal cavities, being affected first.* The bronchitis so frequently 
observed among gouty subjects, and the secondary bronchitis 
that complicates so many infectious diseases, and also malaria, 
Bright’s disease, etc., are all due to the same cause, t.e., auto- 
protective elimination of the poisons through the bronchial 
mucosa and the local irritation engendered thereby.* 

The local phenomena incident to the auto-protective process 
are not those, however, that give rise to the untoward or dan* 
gerous features of the disease.* These are due to swelling and 
(edema of the mucosa, the causes of which vary according as 
to whether the bronchitis be of exogenous or endogenous origin.* 
In the former case, these phenomena are produced directly by 
the irritant. In endogenous bronchitis, they are pertly due to 
this process, the irritants being the poisons.derived from the 
blood, that are being vicariously eliminated through the bron- 
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dual mucous membrane. The principal cause of the local le¬ 
sions, however, is a constriction of all the vessels of the body, 
which occurs as an incidental feature of the primary causative 
toxaemia—toxic wastes, disease toxins, etc. The blood-mass 
being thus forced into the capillary system, the capillaries of 
the bronchi are-themselves engorged—sufficiently so in severe 
cases to provoke marked swelling of the bronchial mucosa. 

The womioiM form —rarely met with—!■ well illustrated to li* 
eases reported by J. N. Hall, 1 in which the cause* were the Inhalation 
respe c tively of chlorine pis, sulphurous-acid gas, formaldehyde, kerosene 
smoke and smoke containing undetermined irritants, and one by Thomas, 1 
due to the inhalation of lime dust. To the same class would Deicing the 
"bacillary bronchitis" ascribed to the streptococcus by Forchhelmer, 1 
Patton* and others, and to the diplococcus pneumonia) by Ritchie, 1 P. W. 
Williams* and other observers. Pharyngeal erysipelas and diphtheria 
may thus prove a source of acute bronchitis by extending downward. 
That under such conditions infiltration amounting to obstructive cedema 
may occur, is shown by the familiar lesions produced in the upper re¬ 
spiratory tract, the larynx, for instance, under similar circumstances. 
In infants it Is especially apt to occur owing to the laxity of the cellu¬ 
lar tissue. 

The well-known fact that cases of gout and Bright's diseas e are 
liable to acute bronchitis and that it may appear in such subjects 
without exposure to cold, points to the endogenous cause of the disease 
in healthy subjects after such exposure, since both gout and Bright’s 
disease are attended by an accumulation of toxic products of imperfect 
catabolism. Many bacterial infections act the same way; thus the sec¬ 
ondary bronchitis of variola is accompanied by the specific pustular in¬ 
flammation of the bronchial mucosa—a counterpart of the cutaneous 
inflammatory lesions due to elimination of the specific toxic elements of 
the disease. In some exanthems, scarlatina and measles for instance, 
the conjunctival, nasal, pharyngeal and bronchial mucoam may even 
precede the cutaneous eruption. Lancereaux* contends, in fact, that 
"‘few morbid agents leave the respire to ly tract absolutely intact.” As 
is well known, iodine, when given out slightly in excess of the quantity 
utilised by the body, causes “iodism,” Including cough in soma cases, 
through a process similar in every respect to that which prevails in 
any form of endogenous bronchitis. In all these causative conditions 
the general blood-pressure is raised. In the febrile infections It is high 
owing to the fever itself, as shown bv the flushed face, the excessive 
warmth of the skin, etc.; gout, Bright’s disease and malaria, for exam¬ 
ple, are also attended, as is well known, by periodical elevations of the 
blood-pressure. 

Treatment. — The two main indications in view of the 
pathogenesis of the disease are: (1) to counteract the general 
vasoconstriction and relieve the engorgement of the bronchial 


1 J. N. Hall: Fhlla. Med. Jour., Dm. M. IMS. 

■ Thomas: Atlanta Mod-. A Sure. Jour., Dec.. IBB. 

■ Vorchhalmsr: Mad. News, Juns L 1MI. 

• Patton: N. T. Mod. Jour., Mar. M, IBM. , _ 

■ Bltehle: Jour. Path, sad Bact.. vol. vll. p. I. INI. 


1 Unemeai: Oas. das hflpitaus, vol. 



1606 INTERNAL SECRETIONS IN PATHOGENESIS AND TREATMENT. 

capillaries;* (2) to promote elimination through normal chan¬ 
nels, the kidneys, intestines and skin, of the toxic substances, 
which, by being vicariously eliminated by way of the lungs, t( 
provoke the bronchial hyperemia. 

Both these indications are materially facilitated if the' 
patient mn be kept in bed. The formation of wastes which 
attends physical exertion is thereby limited to its lowest de¬ 
gree, and what catabolic and oxidizing energy the blood can 
spare over and above that required for tissue metabolism, is 
entirely utilized for the destruction of the pathogenic ele¬ 
ments. Even the vascular tension is favorably influenced, since 
the waste-products developed during muscular activity tend to 
raise the blood-pressure. The warmth of the bed also exer¬ 
cises a favorable influence by causing blood to circulate more 
freely in the skin, and by facilitating diaphoresis. 

Tn the average cose, remedies which lower directly the 
blood-pressure may be advantageously employed, especially 
in view of the fact that they tend to relieve simultaneously 
the harassing dry cough, and to reduce greatly the. character 
of oedematous infiltration of the bronchial mucosa. The sodium 
bromide , 15 grains (1 gm.) and chloral hydrate, 10 grains (0.6 
gm.), given jointly every three hours in a solution contain¬ 
ing merely simple syrup or syrup of lemons (but no expec¬ 
torant) soon procure these results and afford the patient con-, 
siderahlo relief, by depressing the sensitiveness of the general 
vasomotor center.* 

Borne of my own cues were relieved after a couple of doses of this 
mixture, though the dyspncBa was already troublesome. Its use must 
lie avoided in debilitated subjects, however, since their auto-protective 
functions would be further weakened. Persons otherwise in normal 
health are not materially Influenced in this direction, and the patho¬ 
genic poisons in the body-fluids are gradually cataboliaed and eliminated 
by the normal paths. 

When these agents cannot be employed, veratrvm viride, 
10 minims of the tincture (0.6 gm., 1905 U. S. P.) every hour, 
three times, then every two hours, may be given instead. 
Although its physiological effect is almost similar, it tends to 
cause general depression in some cases,- and does not always 
moderate the cough. When there is oppression, an indication 
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that oxygenation is being hampered in the smaller bronchi, it 
replaces advantageously the chloral hydrate. Aconite , in drop 
doses (1006 U. S. P.) every hour, is preferred by some authors. 

Stimulation, the uu of balsams and expectorants, do more harm 
mt this stage than good. A reliable preparation of veratrum viride, for 
Wmiiw, should be prescribed, as the tinctures obtained in the shops 
capnot always be depended upon. 

When, as is usually the case, the patient cannot be prevailed 
upoh to remain at home, the same results may be obtained by 
remedies which counteract the bronchial hypenemia, by causing, 
through their stimulating action on the sympathetic center, 
constriction of all arterioles.* In this manner, the blood cannot 
reach the capillaries freely, and their engorgement is pre¬ 
vented.* Opiates are the most reliable agents of thiB kind. 
Dover’s powder, 10 grains (0.6 gm.) taken at bedtime with a 
large tumberful of water, is especially advantageous, since its 
.ipecacuanha counteracts the evil effects of the opium by pro¬ 
moting diaphoresis and hepatic activity—the main antitoxic 
resource of the organism. During the succeeding day, Dover’s 
powder should not be used, however, since the diaphoresis pro- 
duped exposes the patient to the effects of cold. The beneficial 
action on the lungB may be sustained, however, with heroin, 
Vs grain (0.008 gm.) every three hours, and the Dover’s powder 
resumed the second night, the dose being reduced, however, to 
6 grains (0.3 gm.). Codeine, in doses of */ 4 to 1 / 1 groin (0.016 
to 0.03 gm.), is preferred by some physicians. If constipation 
occurs (in adults) a full dose of citrate of magnesia is indi¬ 
cated to enhance the elimination of the pathogenic toxics by the 
intestinal canal. 

In the acute bronchitis of infancy and childhood, opiates 
do not act as satisfactorily. Calomel, x /« groin (0.01 gm.), 
rubbed up with Bugar and milk and given every two or three 
hours, produces, after a few doses have been taken, a copious 
evacuation of the bowels and disappearance of the morbid symp 
toma, heading fever, if the case belong to the febrile form 
Active Simulation of the adrenal center and a rapid increase 
of the auto-antitoxin. Is obviously the effect produced under 
these conditions.* 
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In some cases, the dyspnoea is sufficiently marked to demand 
more active measures to lower the blood-pressure.* A few 
whiffs of iodide of ethyl, inhaled from a handkerchief upon 
which 10 drops of this remedy have been poured, relieve the 
distressing symptom in a few minutes. Nitrite of sodium, 1 
grain (0.065 gm.), in a little water, produces a similar but more 
lasting effect. Inhalations of oxygen are .of great value when a 
tendency to cyanosis occurs. 

The importance of this symptom waa emphasised by B. W. Hi ch¬ 
ard son,' Bruce* and others. It comes on late in the course of the dis¬ 
ease, and is complicated by the accumulation of fluids In the smaller 
bronchi. Many cases of acute bronchitis in- which “shortness of breath” 
is complained of, are nearer asphyxia than they are thought to be fay 
their physicians. Nitrite of sodium and nitroglycerin have been recom¬ 
mended fay Fraser, 1 * and iodide of ethyl by Main u and others. Oxygen 
is spoken of as a life-saving measure fay 8inainski, u Langston, 1 * Leech 14 
and many other observers. 

An important feature of the treatment of febrile bronchitis 
is the ingestion of alkaline fluids to facilitate the elimination 
of toxic wastes by the kidneys, and antagonize acidosis, as indi¬ 
cated on page 1367. When the acute stage recedes, the elimi¬ 
nation of the bronchial detritus must also be facilitated by 
remedies which increase the alkalinity of the blood and facili¬ 
tate general osmosis, including that of the peribronchial fluids.* 
Ammonium chloride is an active remedy of this kind, in 10-grain 
(0.6 gm.) doses every three hours, given in a mixture containing 
30 minima (1.85 c.c.) of syrup of tolu to the doBe. 

If the convalescence is delayed, the chloride may be re¬ 
placed by ammonium iodide , which stimulates somewhat the 
adrenal system, owing to the iodine it contains. More active in 
this connection, however, is a mixture containing potassium 
iodide and ammonium carbonate, S grains (0.3 gm.) of the for¬ 
mer and 10 grains (0.6 gm.) of the latter to the dose. This 
combination is very effective in children, the dose, of course, 
being adjusted to the age of the little patient. 

When after recovery from the more acute symptoms, 
cough and a muco-purulent expectoration persist, (|b fluid. 
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extract of hydrrutis, 20 to 30 drops, four times daily, in a little 
s weetened water, is sometimes quite efficacious, acting much like 
the opiates without being attended by their untoward effects. 
Caffeine, 6 to 10 grains (0.3 to 0.6 gm.), in a solution contain¬ 
ing 20 grains (1.3 gm.) of potassium acetate, administered on 
retiring, is to be preferred when the cough is troublesome at 
night. Apomorphins, in doses varying from */»„ to ‘/i grain 
(0.002 to 0.03 gm.), given after meals to prevent nausea, is 
preferred by some authors. 

In some cases, all these measures prove ineffectual, owing to 
general asthenia. Quinine hydrochlorate., 2 grains (0.13 gm.), 
given with strychnine, V 40 grain (0.0016 gm.), after each meal, 
is often effective in such cases, owing to its stimulating action oil 
the general centers. A more lasting effect is obtained by means 
of small doses, ».«., 1 grain (0.065 gm.) of thyroid extract, three 
times daily, after meals.* By enhancing physiologically the 
functional activity of tlie adrenal system it activates that of all 
functions and augments general nutrition.* 

BRONCHIAL ASTHMA. 

Synonyms. — Asthma; Nimsmodic Asthma. 

Definition.—A form of paroxysmal dyspnoea due to the con¬ 
currence of two pathogenic factors: (1) hyperexcitability of 
the general vagal center; (2) the presence within or upon the 
bronchial mucosa, of endogenous or exogenous irritants. The 
mucosa requiring for the expulsion of these irritants, reflex 
impulses derived from the general vagal center, the hyperexcit¬ 
ability of the latter causes it to project unusually violent im¬ 
pulses to all the elements of the bronchi, including their mus¬ 
cles, and these in turn, being inordinately contracted, they 
reduce the caliber of the bronchi and thus provoke asthma.** 

Symptoms.—An attack of asthma may be preceded by one 
or more premonitory symptoms: slight gastro-intestinal 
malaise flatulency, intellectual torpor or exuberance, depres¬ 
sion ox spirits, pruritus, especially of toe trunk and chin, 
sneexing, accompanied sometimes by a free flow of watery 
mucus, epistaxis, and in most cases a copious excretion of urine. 
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The access proper usually begins abruptly, often during the 
early morning hours. Harked restlessness is soon followed by 
dyspnoea .of the most distressing kind, and a sensation of 
great depression about the chest. The patient soon finds it 
necessary to assume positions that favor the action of the respir¬ 
atory muscles, which seem unable to cause depression of the 
thorax and expulsion of the air. Gradually, as this difficulty 
increases, the dyspnoea becomes more distressing until, after a 
couple of hours or more, the face becomes dusky and perhaps 
cyanotic, owing to imperfect oxygenation. In severe cases, this 
phenomenon is sufficiently marked to cause marked hypother¬ 
mia, especially of the extremities. The signs of asphyxia are 
so intense in some cases, that they may suggest, even to the 
physician, an early lethal termination. The pulse is small and 
rapid, the brow is bedewed with sweat, the eyes stand out 
prominently, a deadly pallor replaces the cyanotic hue, etc. 

The movements of the chest are suggestive. Though fully 
expanded, it fails to recede to any marked extent during ex¬ 
piration. The inspirations are short, bnt the expirations are 
considerably prolonged, thus reversing the normal relations be¬ 
tween the respiratory acts. The percussion note is hyper- 
resonant, sometimes almost tympanic, but highly-pitched. Aus¬ 
cultation confirms the objective respiratory phenomena: the 
expiration is greatly prolonged, and both inspiration and ex¬ 
piration are attended by sibilant, more*or less high-pitched 
rkles, throughout the entire chest, which resemble the chirping 
of a multitude of birds. The heart is often displaced, the apex 
being nearer the sternum and lower down than usual—obviously 
pushed in this unusual position by the distended left lung. 
'The veins of the. neck are, as a rule, considerably dilated. 

When the paroxysm has reached its worst stage, the pic¬ 
ture changes: the breathing becomes easier, and a spell of tight, 
harassing cough marks the onset of the period of resolution. 
At first the sputa are quite characteristic of asthma. They con¬ 
tain small, grayish-white gelatinous pellets, Laennee’s "pearls," 
which are in reality small rolls of condensed mucus, containing 
tiro characteristic elements, Curschmann’s spirals and the 
Charcot-Leyden crystals. The spirals are skeins of spirally- 
disposed mucin filaments enclosing many eosinophils leucocytes; 
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the crystals are similar to those found in the blood in leukaemia. 
An enormous number of free eosinophile leucocytes are also 
found in the sputum, as well as in the blood. Gradually, how¬ 
ever, the expectoration assumes the ordinary mucoid type; as 
it becomes freer tire cough becomes less harassing, and the 
attack passes off, leaving the patient considerably weakened. 

The relief may be of short duration, a second attack follow¬ 
ing the first after a few hours. As a rule, however, the 
paroxysm does not occur until the succeeding night, more or less 
coughing and wheezing occurring in the interval. Paroxysms 
may thus reappear five or six nights in succession, the scries 
constituting an "attack’* of asthma. The patients may then 
remain free several weeks, or even months, nnd suddenly lapse 
into another period of suffering. 

In true bronchial asthma, the intensity of the symptoms is 
independent of the duration of the disease. Thus, the attacks 
that occur soon after its first appearance may be very intense 
as to dyspnoea, while in individuals who have long suffered front 
the disease, this symptom may not be severe. In the former 
cases, however, the attack passes off entirely, leaving the 
patient perfectly normal during the intervals, while in the 
latter, the bronchial mucosa may become the scat of a chronic 
inflammatory process, i.e., a true chronic bronchitis, with all 
its possible complications. 

Pathogenesis and Pathology.—An attack of bronchial 
t asthma is due to vagal stricto-dilation of the bronchial arte¬ 
rioles.* An excess of blood being admitted into the bronchial 
muscle-elements, and into the mucosa, the caliber of the bronchi 
is reduced in two ways: (1) by contraction of their muscles, 
and (2) by congestive swelling of the bronchial mucous mem¬ 
brane. In severe attacks the lumina of the terminal bronchioles 
becomes sufficiently reduced to prevent the egress of air from 
the alveoli, hence the cyanosis and the inability of the thorax 
and the diaphragm to contract. 

All the theories best sustained by experimental and clinical evi¬ 
dence Implicate the nervous system in the morbid process. Whether 
with Lefevre, Balter, Blernler, Trousseau and others we ascribe asthma 
to spasm of the bronchial muscles; with Hack, Daly and others to reflex 
irritation of the nasal cavities; with Parrot to reflex excitation of the 
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bronchial secretory element•; with Briaamud to hysteria; or with 
Weber to vasomotor turgeecence ot the bronchial mucosa, ets, the nerv¬ 
ous system stands out prominently as an active factor at least ot the 
salient wiwmnmoM. ot the disease, the bronchial obstruction. The unani¬ 
mity irnin. however, when the identity of the system of nervee involved . 
ie sought. Are we dealing with a vagal neurosis, ae taught fay Trous¬ 
seau and his school, or with a vasomotor neurosis, as taught by Weber 
and his followers t 

The question of course is closely associated with the character of 
bronchial lesions. Here, again, the bulk of evidence points in the one 
direction, in., Traube’s view that the bronchial mucosa is the seat of a 
fluctionary hyperemia which Sir Andrew Clark, Stfirch and others in¬ 
terpret as a diffuse “vaso-tuigeseence” or hypensmic swelling. Not only 
was Fraenkel" able to verify this fact post-mortem, but he found the 
lesions peculiar to an advanced stage of local congestion, of chronic 
bronchitis, widespread desquamation of epithelial cells. In a very in¬ 
teresting case recorded fay J. 8. Billings, Jr.,“ such a vaso-neurotic swell¬ 
ing involved “the forearms and arms as high as the middle of the bleeps 
muscles.*' Although the fingers were not swollen, they had been “cold 
and blue from the first.” The “typical asthma, with nocturnal attacks 
of sudden onset, ending in violent paroxysms of coughing with scanty 
viscid expectoration,” ceased, and the swelling of the arms and forearms 
disappeared under what, as we will see, I regard as the appropriate 
treatment for asthma. The pulmonary lesions and those of the ex¬ 
tremities were evidently similar, in., a fluctionary hypensmia of nervous 
origin. That this vascular turgeecence is general is suggested by the 
observation of Bible" that in all asthmatics, both during the attacks 
and in the intervals, the inferior border of the liver is considerably low¬ 
ered and sensitive to pressure. 

The Identity of the system of nerves involved at once suggests 
itself, in., the vasomotor system, in accord with the views ot Weber 
and many other observers. When, however, the manner in which such 
widespread results must be produced by this system Is analysed in the 
face of experimental evidence, it fails to meet the needs of the morbid 
process. In order thus to influence the general vascular system, the 
original cause of the disease, whether it be “uric acid” or any other 
systemic poison, should stimulate the vasomotor center, and produce 
general voso-constriction; more blood being projected into the capil¬ 
lary system, the bronchial capillaries among others would become en- . 
gorged, i.e., hypensmic. That such a general voso-constriction docs not 
occur, however, is shown by the fact that the blood-pressure, which is 
raised when the systemic vessels contract, is on the contrary lowered, 
as shown by Sihle, the average being from 70 to 100 in a large number 
of asthmatics as compared to the average of 80 to 130 in normal In¬ 
dividuals. Again, if tne data upon which the vasomotor theory is b a s ed 
are carefully scrutinised, they are found wanting. Stimulation of the 
pulmonary vasomotors produces the reverse of hyperemia, in., ische¬ 
mia, and the many symptoms other than asthma o b s e rved that are 
ascribed to vasomotor influence, rhinorrhtea, ptyalism, lachrymation, 
diarrhoea, etc., are in reality due to overstimulation of the respective 
organs by their sec re to-motor nerves—all of which, as I have shown in 
the eighteenth chapter, fulfills functions identical to those of the vagus. 
Quite another picture is presented, however, when the asthma, in 
accord with Trousseau’s interpretation, is ascribed to the vagus. Bradio 
and Dixon 1 * recently confirmed experimentally the well-known fact that 
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stimulation of the vague causes a marked diminution of the volume of 
air entering and leaving the corresponding lung, owing to contraction 
of the bronchial muscles. Kingucote" states, moreover, that this pro¬ 
cedure causes simultaneously spasmodic contraction of the diaphrag¬ 
matic muscle. As stated by Loque," moreover, a similar effect is pro¬ 
duced when the pulmonary ends of the nerve, i.c., the bronchial muscles 
per ir, are excited. 

The manner in which these phenomena arc produced is made evi¬ 
dent when the observations of Bible,'“ that this procedure produces 
bronchostenosis, “the efferent path being certainly tin* vagi;*’ and that 
of W. Blair Bell,” that pulmonary terminations produce actin' vaso¬ 
dilation of the bronchial arteries, arc interpreted from my standpoint, 
t.e., with the vagus as a atriata-dilator nerve in common with all motor 
nerves. Indeed, strlcto-dilation means, as I have mIkiwii, constriction of 
the vasa vaaorum of the arterioles that supply muscles (as well as any 
other organ); the walls of these arterioles being supplied with less 
blood, they dilate, admitting in turn more blood into the muscular 
elements. Now we have in itH action upon the diaphragm, proof that 
the vagus causes muscular contraction. Hence, in accord with tho 
interpretation of Lcftvre, Balter, Trousseuii, ,1. II. Williams and 
many others, the spasmodic contraction of the bronchial muscles which, 

S r greatly narrowing the caliber of the bronchi, provokes the asthma. 

enee, also, the “iiypcnemic swelling” u|s>n which Traube, Sir Andrew 
Clarke and others have laid stress, since stricto-dilation of the bron¬ 
chial arterioles produces congestion of all the bronchial elements. 

As emphasised by II. L. Swain," the researches of W. H. Miller 
have shown that venous trunks are practically ulmcnt in the. bronchial 
mucosa, which is thus supplied only with capillaries. The readiness 
with which the mucosa can become hypcncmic, and conversely the 
rapidity with which the capillaries ran be depleted as soon as the excess 
of blood supplied to them is reduced (by sympathetic constriction of 
the arterioles as shown below), is self-evident. 

The predisposing cause of bronchial asthma is hypersen- 
sitiveness of the vagal center in the posterior pituitary bo«ly.* 
Under normal conditions, that is to say, when the bronchial 
mucous membrane is not irritated by Home substance brought 
to it by the air current or by the blood, this hypcrHuiisitivcnciM 
gives rise to no untoward phenomena. When, however, irritat¬ 
ing particles are inhaled and reach the lungs, or when cata- 
• holism is imperfect and toxic products of hyimcatabolism arc 
eliminated (in part) by the bronchial mucosa, asthma occurs.* 
The muscular constriction of the bronchi and the swelling 
of the mucosa which give rise to asthma, are not caused, how¬ 
ever, by a direct action of these poisons upon the bronchial 
muscles, or the epithelial or secretory elements of the mucosa, 


• duller*# cowfMfo*. 

"Klugeeotr: Brit. Med. Jour., Oct 13, JMO. 

"Loque: Jour, dee ecL mdd. de Lille, Ju. IS, 1MB, 
"Bible: Lor. elf. 

■ W. Blolr Boll: BdlnbuvRb Med. Jour., Oct, ISM. 
■E L Swain: Tele Med. Jour.. Auc-. ISM. 



1704 INTERNAL 8BCRBTIONS IN PATHOOWMU AMD TBBATMHNT. 


but by their irritating influence upon the bronchial sensory end- 
organa of the vagus.* The afferent impulaee from the bronchi 
tbua generated aid transmitted to the vagal center; would evoke, 
if the latter were normal, just sufficiently energetic recurrent, 
t\e., efferent-motor, impulaee to insure the elimin ation of the . 
poisonous wastes (by causing periodical contractions of the 
bronchi, increasing the secretion of mucus, promoting the activ¬ 
ity of the ciliated epithelium, etc.); but being hypersensitive, 
the center projects excessively violent stimuli to the bronchial 
muscles and mucosa, and the resulting bronchostenosis, produced 
in the manner described, gives rise to asthma.* 

Be flex asthma differs from true bronchial asthma only in 
that the sensory impulses which excite the hypersensitive vagal 
center, and through it evoke the asthma, are derived from irri¬ 
tated surfaces other than those of the lungs, the nose, the 
ear, etc.* 

In this process the functions of the bronchial mucous membrane 
are assimilated to that of the stomach,* when, as shown by Pawlow, 
the presence of food provokes the secretion of gastric juiee and the me¬ 
tric muscular movements fay exciting the sensory vagal terminals. We 
have seen that such a conclusion is warranted. The recurrent motor 
impulses originate, of course, from the vagal center. Since all im¬ 
pulses of common sensibility reach the posterior pituitary, while all 
coordinated involuntary motor impulses arise from this organ,* it be¬ 
comes the normal source of this class of stimuli to the lungs as well. 

That it is a general center which is hypersensitive—one capable 
of responding to impulses received from many sources—is shown fay the 
multiplicity of conditions by which asthma may be provoked. The 
asthma caused reflexly fay nasal and aural pelypl, excitation of sensi¬ 
tive spots in the nasal cavities, ethmoiditia (Emerson, M Coggeehall" and 
others), abscess of the antrum (Richardson 1 *), uterine disorders (Kata," 
Strobing," von Leyden and others), etc., illustrates this fact. With the 
general vngal center as the source of the asthmogenic impulses, the man¬ 
ner in which such lesions can produce reflex asthma becomes plain. Though 
unable to describe the paths followed, SchadewaldP* and others consider 
nasal asthma a trigenunal neurosis. If the pituitary's vagal center Is 
made the terminal of sensory impulaee from the nose, and the vied 
efferent nerves the transmitter of motor impulses to the lungs, the reflex 
arc is complete.* Moreover, the actual participation of the pituitary 
body in such phenomena is well shown by the experiments of Cyon, who 
found that destruction of this organ completely annulled the reflex sen¬ 
sibility of the nasal mucosa. 

That asthmatics suffer from hypocatabolism Is well known; this 
Is emphasised by the prom ine nce given urio add and the gouty diathesis 
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M a earns of the lUaassc by many authors. Wa have seen 
prtanoe of ton is wastes in the causation of epileptic fits. Taylor 1 * and 
others have reported eases in which it replaced the fits. Sciatica, mi¬ 
graine, angina pectoris and other conditions due to toxic wastes are fre¬ 
quently obwrved in asthmatics. Again, the ao-called “renal" asthma 
is obviously due to retention of exoremantitloua products in the blood. 
Indeed, Macllwaino* has laid stresa on the importance of albuminuria 
as a precursory symptom of this condition. MoncorgO,* F. Ehrlich,* 
Lemonnyer* and others have illustrated the influence of a rheumatic 
diathesis by a number of cases. All these instances arc necessarily 
results of a debilitated condition of the organism. Aside, however, from 
"the cases In which such a debilitated condition occurs without apparent 
cause, are others in which it is directly traceable to disease or habits 
which undermined the, patient's health. As to the former, in a study 
of 40 eases of hay-fever, several of which were complicated with asthma, 
I s found that almost all had suffered from several of the diseases of 
childhood. Kissel* has observed the same fact in 4 cases of bronchial 
asthma in children, though the disease is rare In childhood. Crook- 
shank* has described, under the term "asthma scxualis," cases of asthma 
which followed sexual excesses in both sexes. It may also, as shown 
by FiessinKer," occur as a complication of true neurasthenia. 

Closely related to the products of hypocatabolism as primary 
causes of bronchial asthma is the so-called "dyspepsia asthma" which 
Albu and others have ascribed to auto-intoxication, Isuidi* found that 
emetics and purgatives caused prompt relief in such cases. In fi ca se s 
reported by Murdoch* the asthma occurred after meals and yielded 
readily to treatment of the stomach. In 31 cases observed by EInborn" 
the attacks of asthma occurred either immediately after meals or two 
or three hours later—a suggestive coincidence with the period of assimi¬ 
lation. 

Aside from these endogenous excitants, however, are many others 
of exogenous origin which are capable, as is well known, of provoking 
typical attacks of bronchial asthma: dust, emanations, pollen, smoke, 
etc. This affords self-evident proof that, however produced, asthma is 
primarily due to an excitant—whether applied to the sensory terminals 
of the bronchial mucosa or any other mucosa. As everyone is exposed 
more or less to the morbid effects of such irritants, asthmatics must be 
particularly susceptible to these irritants: a fact readily explained by 
the hyperexdtability of their general vagal center. 

Treatment. —Remedies Which Abrest the Paroxysm.— 
This is, of course, the first indication. The bronchostenosis 
being mainly caused by contraction of the bronchial muscles, and 
thus, in turn, being due to stricto-dilation of the arterioles 
through which the capillaries of these muscles receive their 
blood, our «im should be to provoke contraction of the arte- 
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rioleg. As these vessels axe constricted by sympathetic fibers, 
agents which stimulate the sympathetic center are indicated. 
Prominent among these is belladonna, especially when its alka¬ 
loid, atropine, is employed hypodermically. The beat results are 
obtained when %so to % 0 grain (0.0006 to 0.001 gm.)—ac¬ 
cording to the strength of the patient—is thus given, with mor¬ 
phine % to y x grain (0.008 to 0.016 gm.), which also promotes 
contraction of the arterioles and relieves thereby the bronchial 
hypenemia. Belief is also afforded by burning paper previously 
dipped in a strong solution of potassium nitrate and an infusion 
of stramonium and dried, and inhaling the smoke. Cigarettes 
composed of etrumoriium, hyoscyamus and cannabis Indica, and 
others, such as Espic’s, available in all drug-stores, are composed 
of agents which act like belladonna and promptly relieve the 
attack when smoked. In Germany, Neumeier’s cigarettes, con¬ 
taining lobelia, stramonium,- sodium nitrate, potassium nitrate 
and potassium iodide, are extensively used. 

The coal-tar derivatives, antipyrin, acetanMd, phenaceiin, 
which likewise stimulate the sympathetic center, are sometimes 
useful. Paraldehyde has been recommended in doses ranging 
from 45 to 60 grains (3 to 4 gnu.). Adrenalin 8 drops of the 
1:1000 solution, in 1 dram (4 gms.) of saline solution, intrar 
muscularly acts promptly. (See also pages 14 and 761, vol. i.) 

Atropine, first used by Trousseau, has more recently been 
rerived and highly recommended by Von Noorden" and Rlegel." The 
former begins with Via groin (0.0005 gm.) and gradually increases 
the dose to V* grain (0.0065 am.). I have been using it over twenty- 
five year*, and prefer Via grain (0.0005 gm.) combined with % groin 




dose in two hours if necessary. K. P. Hoarder 4 * obtained rapid and 
complete relief in the majority at 30 caeca in which he used paraldehyde 
in the doses mentioned. Whitaker* reported a ease in which 45 groins 
(3 gms.) caused collapse which lasted two days. 

Mbasubxb Which Tend to Bhkovb the Cause. —The 
irritability of the vagal center (which may be influenced by 
afferent impulses from any portion of the body) may be per¬ 
petuated by any condition which causes it to receive a continu¬ 
ous flow of afferent impulses, differing from those normally 
. received only in that they are more energetic.* Nasal polypi 
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or exostoses, by preening on the nasal terminals of the fifth 
nerve, may thus transmit a stream of stimuli to the pituitary 
body and keep its centers turgeacent and hypersensitive.* 
‘Hence, all- organs within reach, the nose, the ears, the uterus, 
etc., should be examined to ascertain whether the predisposing 
cause of the asthma be not located therein. The peripheral 
organs are merely hypenesthetic in some cases, end the con¬ 
tact of irritating substance-—dust, smoke, etc., in the case of 
the upper respiratory tract—suffices to provoke asthma. The 
source of the primary central irritability may also be a local¬ 
ised chronic congestion, i.e., hypertrophic rhinitis, gastritis, 
bronchitis, cystitis, etc., and slight additional irritation of these 
structures by substances inhaled or ingested may bring on a 
paroxysm by further exciting the already hypenesthetic center. 
The liability to attacks of asthma cannot be removed unless any 
such cause of central irritation be eradicated. 

In some of these eases paroxysmal sneezing, to which the patient 
attaches but little importance, points to the source of the central Irri¬ 
tation. By passing a probe over the Schneiderian membrane sensitive 
areas are frequently found which provoke sneezing, cough and even dysp- 
ncea when touched. Chromic or glacial acetic acid applied to these areas 
suffices in some instances to prevent further accesses. In such cases the 
local application of a 10 per cent, solution of cocaine In the midst of 
an attack of asthma will arrest it. Pawinski* observed a case in which 
the retention of urine waa the cause of the paroxysms, these passing off 
as soon as the patient was catheteriasd. Boas" has reported several 
cases in which mild dyspeptic symptoms were followed by severe ssthma 
and diffuse pert ; i ration which lasted until the gastric disorder had 
disappeared or had been relieved by emesis. In asthmatic children 
whose breath is foul, the tongue furred, Land!* obtained Immediate 
relief from emetics or purgatives. These few examples illustrate the 
fact that asthma la a neurosis which may be caused by a multitude of 
conditions, and that it is only by a diligent search that the physician 
can dipeern the primary cause of the diocese. 

When fhe cause of the disease cannot be traced to any 
localised disorder, the central hyperexcitability ia the result 
of repeated irritation by the toxins or endotoxins of several dis¬ 
eases acquired in rapid succession—the diseases of childhood, 
for instance—or it is due to the constant-irritation to which toxic 
products of hypocataboliam submit the central neurons.* In 
either case the asthmogenic agents are the same: an excess of 
these toxic wastes in the blood.* As their presence therein ia 
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duo to Imperfect metabolism, the aim nliould be to enhance this 
process. Potassium iodide » recognised as the most beneficial 
agent' we possess when given in doses of from 5 to 10 grains (0.3. 
to 0.6 gm.), three or more times a day, according to the severity 
of the case. This agent produces its effects by actively stimu¬ 
lating the adrenal center, thus causing a marked increase of 
auto-antitoxin in the blood.* The products of metabolism 
being adequately catabolizcd and converted into benign elimin- 
able products, tiie vagus renter and the bronchial mucosa are 
no longer irritated and the paroxysms of asthma finally cease. 
Thyroid gland, in % to 1 grain (0.03 to 0.06 gm.) doses, acts in 
the same way, and iB especially useful in children (in correspond¬ 
ingly smaller doses) and as a substitute for potassium iodide 
when this agent is not well borne.* Adrenal gland, in 2-grain 
(0.13 gm.) doses may be combined with it advantageously. 

The disease is readily controlled by giving potassium iodide, 5 
grains (0.3 gm.), and the tincture of belladonna, 5 minims (03 gm.), 
together in a mixture every three hours at first, then the iodine alone 
in 10-grain (0.6 gm.) doses in a tumblerful of water during each meal. 
If there remains some tendency to dyspmea, 1 grain (0.065 gm.) of thy¬ 
roid gland ufter each meal will serve to dissipate it. In uncompli¬ 
cated cases this plan is very effectual. The iodide may be increased 
to 80 grains (1.3 gms.) three times daily if needed. As stated by Hare, 4 * 
asthmatics bear large dome of this agent without causing iodlsm. 

An interesting feature in connection with effects I ascribe to the 
irfdldes and thyroid, *.e., an increase of auto-antitoxin in the blood, is 
the observation of Kevilliod 3 * that diphtheria antitoxin—which is'simllar 
to the endogenous antitoxin as regards constituents—had proved very 
beneficial in severe eases. Suggestive also is the beneficial though 
ephemeral influence of adrenal extract and adrenalin, noted by S. Solfs- 
Cohen," Bui Iowa and Kaplan* 1 and others. As emphasised by 8. Solis- 
Cohen, however, 1 * it is powerless to relieve an acute paroxysm, but 
tends, when given during the intervals, to diminish the tendency to 
recurrence. The iodides and thyroid produce the effects of diphtheria 
antitoxin and adrenalin, but far more efficaciously by stimulating per¬ 
sistently the adrenal center. 

An important feature of the treatment of asthma is the 
diet. The attacks occur at night in the majority of cases, be¬ 
cause during sleep all vital processes are somewhat depressed. 
Catabolism being correspondingly less active, toxic wastes accu¬ 
mulate in the blood and finally provoke the dttack. A light 
evening meal, without meat, is, therefore,' indicated. In severe 
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cases, especially when the dyspnoea is continuous, a milk diet 
of three or four weeks* duration, followed by a frugal mixed 
diet of milk and vegetables, in which meat is partuken of but 
once daily, and at the midday meal, is almost curative, the 
milk diet being resumed when the asthma tends to recur. 

Alcohol is contraindicated, since it deoxidizes the blood; 
pure water, on the other hand, when drunk freely, facilitates 
the work of the kidneys by lowering the specific gravity of the 
fluids passed through them. The bowels should move freely, 
mild saline laxatives being used when necessary. 

The plain dietetic measure* embodied in the first paragraph, rec¬ 
ommended by Uuchard,** will be found very effective. Thornwgaod** 
refers to cases in which reduction of the diet alone gave rise to remark¬ 
able relief. Many instances of this kind have been recorded. 


HYPERASTHET1C RHINITIS (HAY-FKVER, ROSE COLD, ETC.). 

Synonyms. —Hay Asthma; June Cold; Catarrhus JEsti- 
vus; Idiosyncratic Coryta; Peach Cold; Pollen Catarrh; Rag¬ 
weed Fever; Summer Catarrh; etc. 

To eliminate the array of absurd names which have been given 
this disease, some of which ajppear in the above list, I suggested in 1885 
the term "Hypemthetic Rhinitis" as best typifying its salient phe¬ 
nomenon: extreme sensitiveness of the upper respiratory tract. As 
I will show in the following pages, this term, which has been adopted 
by several authorities, is fully justified. Hence its appearance at tho 
head of this article. 

Definition.—Hypcnesthctic rhinitis, a periodical acute 
coryza often accompanied by asthma, is due to excessive irrit¬ 
ability of the trigeminal center, a condition sustained by toxic 
wastes which are present at all times in the blood of these cases, 
owing to functional torpor of the adrenal system. The period¬ 
icity of the disease is due to the presence in the air, at fixed 
seasons, of certain pollens, which, coming into contact with 
the hypencsthetic terminals of the trigeminus in the nasal 
mucosa, provoke the attack.* 

Symptoms.—The affection presents itself at periodic yearly 
intervals, either in August and early September, or else in the 
months of May or June. In some individuals two attacks occur 
in the year. The subject is often able to state the day and even 
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the hour at which the onset is to occur. The summer variety of 
the affection is in general less severe and at shorter duration 
than the autumnal variety. 

In some cases, mainly those of long standing, premonitory 
symptoms appear several days or even two weeks before the 
true onset. They may include general malaise, frontal head¬ 
ache, itching at the roof of the mouth and eyes, sensations of 
chilliness, and Blight tits of sneezing. The symptoms of the 
actual attack may last only a few days, and resemble those of 
an ordinaiy cold in the head, or may be of more "violent form, 
and are sometimes accompanied by asthma. 

A sensation of violent itching in the nose generally marks 
the onset of the affection, and causes prolonged sneezing. With 
this may be associated pricking and stinging at and near the 
inner canthi, followed by profuse lachrymation. An abundant, 
watery, and alkaline discharge from the nose soon appears, 
which causes more or less irritation of the nostrils and upper lip. 
Respiration through the nose becomes much impeded through 
swelling of the nasal mucous membrane. Pain is present over 
the bridge of the nose; there is often also frontal headache, and 
pains in the eyeball or back of the head. Itching at the roof 
of the mouth and on the face is often complained of. Other 
possible manifestations comprise chilly sensations, loss of 
smell and taste, tinnitus aurium, partial deafness, involvement 
of the air-sinuses, pharyngitis, hypenesthesia of the scalp; aa 
well as general symptoms, such as moderate pyrexia, disordered 
stomach and flatulence, urticaria, with inability to perform 
mental work. 

As the affection progresses, the nasal discharge becomes 
thicker in character, and may be muco-purulent. Photophobia 
and chcmosis are prone to develop, and, occasionally, pseudo¬ 
membrane is-formed in the nasal cavities. The attack may last 
from several days to as long as a few weeks, and when left 
untreated does not tend to disappear until the constituent of 
the atmosphere that causes the irritation is removed. Usually 
both onset and decline of the symptoms are sudden, but in some 
cases they may be more gradual. 

Asthma not infrequently occurs as a complication of hay- 
fever. In most cases it begins a few days after the primary 
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nasal symptoms have appeared and as soon as these become 
marked. There comes a feeling of soreness in the pharynx, 
which is soon fallowed by hoarseness. Blight cough, and a sense 
of tightness about the chest. These symptoms gradually in¬ 
crease in Intensity and are generally worse at night. Some¬ 
times they cease with the nasal symptoms, but in many other 
cases last for weeks or even months after the catarrhal attack. 

Etiology and Pathogenesis.—The predisposing cause of hay- 
fever is an excessive irritability of the trigeminal center in the 
pituitary body, due to the presence in the blood of toxic waste- 
products.* The presence of these toxic wastes is in turn tlic 
result of hypoactivity of the adrenal system, a condition which 
may be either inherited or brought on by diseases of an adyn¬ 
amic type, especially those of childhood.* The proportion of 
adrenoxidase formed being inadequate, catabolism is carried on 
imperfectly and the intermediate wastes that arc constantly 
present in the blood sustain the hypersensitivencss of the tri¬ 
geminal center.* 

As a result of this trigeminal oversensitiveness,* the mu¬ 
cous membranes, particularly those nearest the pituitary body,* 
i.e., the nose (when the seat of local lesions, hypertrophies, 
polypi, exostoses, etc., especially), tlic eyes, pharynx, ear, and in 
some cases the entire respiratory tract, are hypenesthetic. Some 
patients show evidence of this condition by fits of paroxysmal 
sneezing throughout the year, under the influence of certain 
irritants, emanations, etc., others only at fixed periods, when 
certain pollens are present in the air breathed. The patients of 
the latter category constitute the cases of “rose-cold” that occur 
in May or June, and those of “hay-fever” tbat occur, as a rule, 
in August. 

That hav-fever In a neurosis was first sliown by fieorge W. Beard, 
of New York, In 1876, while the rftle of pollen as the most frequent 
exciting factor was demonstrated the following year by Elias Marsh, 
of Now Jersey. That lesions, growths, polypi, etc., play an important 
part in the pathogenesis of some cases, was demonstrated by W. H. Daly, 
of Pittsburg, In 1188, and In 1884 by Harrison Allen. All these features 
of the problem have been sustained by a large number of investigators. 

The identity of the underlying cause of the disease, a general 
adynamia, was drnnonstrated by myself in 1888“ after a study of 40 
eases. Of these, nineteen showed a clear history of inherited predis¬ 
position to hay-fever, asthma, etc., while the rest had bean rendered 

- ■ ■ — * • 
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vulnerable by e huge number of dis ea s e s of childhood: M per oeat 
hewing bad ill of these dleeaeee, and 80 per oent. four of them. Thio 
view wee Independently euetalned by Joel," Cartai" and other*. Sink* 
holds that "the patient is always neurasthenic:" 

The ubiquitous result of such adynamia, *.*., defective metabolism, 
aa manifested by the "arthritisme” of French authors or our “gouty 
diathesis," has Men noted by many observers since Gu6neau and Hussy 
(1888) suggested It Leflaive" having found that the uric add ratio 
of the urine before and after attacks corresponded with that of gout 
also ascribed the disease to the “gouty diathesis." Bishop, of Chicago, 
also urged this view in 1883. Gruba* emphasised the fact that “most 
cases an among patients having gout or of gouty tendency, or with a 
history of gout in the family." 

The next factor, the hyperesthesia of the nasal and other mucous 
membranes, was first urged by John O. Roe, of Rochester, in 1883, and 
in 1884 by J. N. Mackenaie, of Baltimore, and others, the last-named 
observer concluding that then was also “a hype res thetio state of 
(probably) the vasomotor centers." The presence of "sensitive areas" 
in the nose may in fact be readily discerned with the aid of a probe, 
and has formed the basis of remedial measures. 

The pathogenesis 1 submit in the general text coincides, therefore, 
with all the strongest doctrines that have been advanced, and—a sug¬ 
gestive fact—harmonises them all. As to the rOle of the pituitary 
body—which contains, according to my views, the chief trigeminal cen¬ 
ter in the process—Qyon, we have teen, found that the naaal mucous 
membrane at once lost its usual sensitiveness (which, on irritation, 
provokes sneering^ lachrymation, etc.) after the pituitary was removed, 
and that even the most active stimulants, ammonia, for example, failed 
to elidt the least response," 


Treatment. —Prophylactic Measures.— The constitutional 
factor of the disease is obviously of major importance in this 
connection, the object being to diminish, by a judicious diet, 
the tbxic wastes which sustain the hypersensitivencss of the 
trigeminal center.* The nearer the indications for gouty sub¬ 
jects are followed, the better the patient fares. The reader is 
referred to the treatment of gout” for the prophylactic meas¬ 
ures indicated. 

Of equal importance is a thorough examination of the 
nasal cavities and the correction of any deformity which, when 
the mucous membrane is slightly engorged and swollen, causes 
opposite surfaces to meet. Polypi are not infrequently found 
in hay-fever cases; their removal alone affords marked relief; 
this applies likewise to sharp exostoses. On the whole, any dis¬ 
order of the nasal cavities tends to aggravate the hyperesthesia. 


•Author** r ooetoeUm. 
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snd should bo removed. If the probe pined gently over the 
nasal mucous membrane indicates the presence of areas that are 
exquisitely sensitive, their cauterisation by tbo electric cautery 
or acids tends greatly to prevent the attack^ especially if done 
within two or three weeks before the periodical onset. 

As to preventive remedies, those which provoke destruction 
of all toxic wastes are the most beneficial, since they rid the 
blood of the cause of the trigeminal irritant.* The best of 
these is thyroid gland, 3 grains (0.13 gin.), three times a day 
(during meals) in adults, reduced after the fourth day to 1 grain 
(0.06 gm.), thrice daily.* This should be begun about four 
weeks before the onset of the periodical pnroxysm.* Strychnine, 
in doses of l / 40 to */*„ grain (0.0016 to 0.003 gm.), is also 
beneficial in some cases when the arterial pressure is low. 
lXgitaline, in doses of from ’/» to */,„ grain (0.003 to 0.0065 
gm.), during breakfast and supper, is indicated when there 
is simple cardiac dilation owing to general adynamia.* Atropine, 
in Vioo grain (0.00065 gm.) granules, night and morning, by 
enhancing the propulsive activity of the arterioles, increases the 
nutrition of the nervc-centors, including those of the pituitary 
body,* but its action on the pupil renders it an objectionable 
remedy. Quinine hydrochlorate, 3 grains (0.3 gm.), after meals, 
fulfills the same object by causing a rise of the blood-pressure.* 
The effects of these two remedies are ephemeral, however, and the 
first three arc much to he preferred. 

An important feature of the paroxysmal period as well as 
of the paroxysm itself, is to counteract acidosis, or what might 
be termed “ammoniosis,” an excess of ammonia—an intermedi¬ 
ate waste in this connection. This is readily accomplished by 
the use of Vichy water as a beverage, a quart being taken dur¬ 
ing the twenty-four hours.* The osmotic properties of the body 
fluids are thuB preserved, and the elimination of wastes by the 
urine, intestine and sweat is facilitated. The same end is 
attained by drinking daily a quart of spring water containing 
one teaspoenful of sodium chloride and a similar quantity of 
sodium bicarbonate .* 

Strychnine, atropine and quinine have been used and recommended 
by others; I do not And evidence to the effect that thyroid extract or 
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digiUlia have bean used ao far, except by myself. In enltable oaaee and 
when the dietetic meaeurea recommended wen carried out faithfully 
by thejmtient, they gave the beat results. 

The importance of acidify or excessive alkalinity of the | secre¬ 
tions in the pathogenesis of the disease, was first Mown by D. Braden 
Kyle, of Pbilmakmln," who writes In this connection: “That the <*— - 
istiy of the eecrethma has to do with the causal factor, I have illustrated 
in a number of c as es by rapid ly changing the reaction of the aeention 
either from add to alkaline or alkaline to'acid, or rendering it neutral, 
and in many instances I have been able either partially or wholly to 
cure the attack." The author holds, moreover, that in a certain pro¬ 
portion ot c as es, the ammoniacal salts eliminated by the nasal mucous 
membrane act as irritants—sufficiently ao in fact to bring on an attack. 
There is doubtless considerable truth in this view, since, as I have 
shown in the preceding articles, bronchitis and bronchial asthma are 
caused by a vicarious elimination of toxic wastes through the bronchial 
mucosa. That these ammoniacal salts are wastes is evident. Allan- 
toin, which results from the oxidation of uric acid by potassium per¬ 
manganate, for example, is an ammonia derivatives we not only nave 
the uric add in the blood-plasma of these ca s es , but also the counter¬ 
part of potassium permanganate as a powerful oxidising agent, via.: 
adrenoxldase. 

Agents Indicated During the Attack.— The paroxysm 
being brought on reflexly by irritants in contact with the mucosa 
of the upper respiratory tract, the morbid process is as follows: 
Sensory impulses are transmitted to the trigeminal center of 
the posterior pituitary; this center being hypersensitive, the 
stricto-dilator impulses it transmits to the vasa vasorum of tho 
arterioles of the mucous membranes are so energetic that these 
vessels are held widely dilated, thus causing intense congestion * 
of the sinuses of the nasal mucosa and of the capillaries of tho 
neighboring organs—the exciting cause of the distressing 
symptoms.* 

The physiological indication, therefore, is to provoke con¬ 
striction of the arterioles by means of agents which excite the 
sympathetic center sufficiently to enforce it.* This may be ' 
done by means of opium, aeetanxlid, antipyrin, or any of the 
analgesics, in fact, since it is by causing constriction of tho 
arterioles that they relieve pain.* Codeine is the safest of the 
opiates, and may be given in doses of */ 4 grain (0.016 gm.), 
four times in the twenty-four hours. Acetanilid, in 5-grain (0.3 
gm.) doses, may be given three times daily, ceasing* if there is 
any tendency to cyanosis. 

The best effects are obtained by using simultaneously vaso- 
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■motor depressants and sympathetic stimulants.* The first of 
these, by relaxing all arteries, deplete the peripheral capillaries 
—including the sinuses of the nasal mucosa—and thus facilitate 
constriction of the arterioles by the second class of agents.* 
The coal-tar products become dangerous under these condi¬ 
tions; but codeine and atropine, which constrict the arterioles 
when they are dilated, are not, given as stated above; to de¬ 
press the vasomotor, eodium bromide and chloral hydrate, 10 
grains (0.6 gm.) each on retiring, nr, if the patient is ren¬ 
dered sleepy in the day time, veralrum riride, 10 drops (190f> 
U. S. P.) of Norwood’s tincture, may be used instead. 

Whatever remedy is used during the paroxysm, general 
metabolism should be sustained, avoiding drugs such hs strych¬ 
nine and digitalis, which increase the vascular tension. Thyroid 
extract, 2 grains (0.13 gm.) twice daily, is the best agent at our 
disposal.* Adrenal eubetance, 5 grains (0.3 gin.) every three 
hours, has been recommended by several observers. 


The adrenal substance was found useful by R. Holis-Colien," Bea¬ 
man Douglass" and others. Interpreted from my standpoint, however, 
the action of this agent can only be ephemeral, and it is better to sus¬ 
tain the production of the adrenal secretion itself by means of thyroid. 

Local Trbatmknt. —The main feature is to promote con¬ 
traction of the nasal sinuses and capillaries. Cocaine, if used at 
all, should be applied by the physician only, a spray of a 10- 
per-cent. solution being very efficacious. A 1 jotter and safer 
agent is adrenalin chloride, but only when a weak solution, 1 
in 10,000, is used, stronger solutions causing such violent con¬ 
striction of the arterioles that they become exhausted and 
markedly relaxed* when the reaction occurs, aggravating the 
trouble. The adrenalin ointment 1:1000 docs not present this 
drawback, and promptly reduces the swelling of the mucosa. 

To protect the nasal surfacu against the irritation of pol¬ 
lens, dust, smoke, etc., a solution of menthol in fluid albolenc, 
10 grains (0.6 gm.) to the ounce, may be sprayed over the 
mucosa after using the adrenalin solution. It tends also to 
perpetuate the effect of. the latter. 

Dunbar's "pollantin” cannot be taken u[* in this connection, slnea 
I have no data upon which ita physiological action can be baaed. The 
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rnulta have bean excellent according to some, mad practically nil in the. 
bands of others. PntunftS" states that Dunbars work baa proven 
beyond doubt that hajr-fever ia due to the poJJen of gramizutoem, which 
goat in the air in enormous quantities during the bay-tever ana non 
The toxin ia probably of protein character. It ia likely, according to 
Prausnlt* that the antitoxin of Dunbar acta by > causing an actual 
diminution of the toxins. 

Hurry and excitement tend to enhance the trouble by 
causing an accumulation of toxic wastes in the blood. Another 
factor which tends to aggravate the central hypersensitiveness 
is bright light; hence the comfort afforded by dark glasses. 

PERTUSSIS. 

Synonym. — Whooping-cough. 

Definition. —Pertussis is an infectious disease characterised 
by a violent reflex cough, due to irritation of the vagal sensory 
terminals in the mucous membrane of the respiratory tract by 
a specific germ of unknown identity.* 

Symptoms. —After a period of incubation of from four days 
to two weeks, a coryza and cough appears which soon assumes a 
paroxysmal character. The cough is dry, short and forcible—tho 
face becoming highly congested and cyanotic, the eyes suffused, 
the eyelids puffed up, etc.—and lasts until the chest is prac¬ 
tically depleted of air. This is followed by the characteristic 
symptom of the disease, the "whoop,” due to unusually vigorous 
inspiration. A clear, viscid mucus is then brought up, often 
accompanied by emesis of the contents of the stomach, and by 
involuntary micturition and defecation. Several of such at¬ 
tacks may follow in rapid succession, the child becoming livid 
and falling exhausted, and the pulse being extremely feeble and 
rapid. Such attacks occur from six to fifty times a day most 
frequently at night. After a couple of weeks, the severity of 
the attacks lessens and they occur lees frequently. 

In most cases the general condition of the child remains 
relatively good; in others, the attacks are so severe that haemor¬ 
rhages occur in the conjunctiva, eyelids, brain, etc. Among 
other complications witnessed are broncho-pneumonia, emphy¬ 
sema and nephritis, various forms of paralysis, and convulsions. 

• Author* » 
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Stiology and Patiugenetii. —Pertussis is due to the pres¬ 
ence upon the mucous membrane of the respiratory tract of an 
organism of unidentified nature (though probably Bordet and 
Gengou’s recently discovered organism) which, owing to the 
irritating character of its toxin or endotoxin, causes violent local 
irritation and reflex cough.* As all coughs are due to impulses 
transmitted by the vagal center in the posterior pituitary,* it 
is this center upon which the brunt of the disease falls.* 

The complications are not due to the pathogenic clement 
itself, but to the violence of the mufecular phenomena, skeletal 
and vascular: the emphysema is due to tliu centripetal pressure 
of the air, the paralysis to cerebral thrombi, the cardiac dila¬ 
tion to the intense blood-pressure,* etc. 

There is a certain amount of absorption of the toxin since 
there occurs a protective reaction, as shown by the rise of tem¬ 
perature (100° to 101° F.—37.7° to 38.3° C.) and the marked 
leucocytosis—both of which indicate that the adrenal system is 
. hyperactive.* 

The association of pertumia with irritation of various parts of 
the respiratory tract has been suggested by a number of observers. 
Ritter," for instance, ascribed it to what he termed the “diplococcus 
tussis convulsive;” Arnheim" to a bacillus resembling that of influ* 
ensa, first described by Csaplewski, found in patches throughout the 
respiratory tract—the identical areas which Nothnagel and Kohts had 
described as “cough areas.” In common with nil other investigators, 
Burman considers these hvpeneethetie areas as the sensory terminals 
of the vagi. The minute bacterium recently discovered by Bordet and 
Gengou," which differs from those of Afanassieff, Csaplewski, Man lea- 
tide, Vlncensi and others, proved extremely irritating when applied 
locally. Injected into the eye of a dog, it rausod the cornea to become 
white and opaque, showing, according to Bordet and Gengou, that the 
organism prs&ably excreted neerotixing toxins. 

That the adrenal system is overact!ve during the disease is not 
only shown, as stated, by the febrile reaction, but also by the leucocy- 
tooie which, as stated by Churchill," is present in almost all eases. 
Grules and Phemister u round that it ranged from 12,600 to 48,000 In 
a series of fifteen eases studied by them. 


Treatment. —To Increase the Bactericidal Activity or 
'the Seobetions of the respiratory tract ia of first indication. 
Quinine, in large doses, 15 to 80 grains (1 to 1.8 gm.) daily, 
doubtless owes its value to the fact that by stimulating the 
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adrenal system and the sympathetic center, it increases the 
propulsive activity of the arterioles and thus augments the 
proportion of blood rich in auto-antitoxin into all capillaries, 
including those of the mucosa of the respiratoiy tract and its 
secretions.* Belladonna is likewise a favorite remedy, */• to 
*/s gnin (0.01 to 0.03 gm.), according to the age of the child, 
being given three times doily. Its action is similar to that of 
quinine, os to the arterioles.* Creosote carbonate in 3- to 10- 
grain (0.3 to 0.0 gm.) doses thrice daily, is an efficient remedy 
which also augments the huto-antiloxin in the blood, and di¬ 
lates the arterioles, thus admitting also a larger proportion of 
blood into the mucosa and its secreting elements.* Creosote 
has been found useful when inhaled, and may be advantage¬ 
ously employed in this manner while the carbonate is given 
internally. 

All these remedies, excepting the creosote carbonate, are familiar 
to all oliniolans in this connection, and are only mentioned to indicate 
their physiological action according to my views. Kerley,” in a compara¬ 
tive study of 762 cases, found quinine in lane doses ihe most effective 
agent among those mentioned above.. Tyrrell 11 also regards it as our 
best remedy; he uses the Jiydrochlorate. 

Dbuos which Reduce the Sensitiveness or the Mucous 
Membranes are useful to reduce the number of paroxysms. 
Antipyrin, which has been found useful, insures this effect by 
causing constriction of the arterioles;* it is given in 1-grain. 
(0.0G6 gm.) doses for each year of the child’s age (the maximum 
being 4 grains [0.36 gm.]), three timeB daily. Acetanilid is 
preferable in that it does not tend to cause cyanosis as readily. 
The sodium or potassium "bromide accomplishes the same object 
in a different way, vis., by depressing the vasomotor center and 
causing the blood to recede from the peripheral capillaries.* 
Chloral hydrate produces a similar effect* and is useful at night 
to prevent the nocturnal paroxysms. 

These remedies give the pathogenic germ free sway, how¬ 
ever.* Their pullqlation should be antagonized, therefore, by 
antiseptic sprays or steam, using a 6 to 1000 solution of carbolic 
add, 10 to 1000 solution of resorcin, a 1 to 6000 of corrosive 
sublimate, or better, the creosote inhalations previously re¬ 
ferred to. 
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A very efficient measure as a derivative ia tlie application of 
hot poultices to the back of the lungs, and the use of a wide 
belt to constrict the abdomen and sustain it during the 
paroxysms. 

The hot poultice* recommended by J. Madison Taylor have been 
found of comiderable value by McKee" and others. The poultice is 
made large enough to cover the posterior surface of the lunge, and on 
this the child is permitted to lie for one hour without change. Relief 
ii almost immediate. An excellent belt la that devised by Kilmer 11 and 
sold by Jungmann of New York. 

Fresh air and out-of-door life are qh beneficial in cases of 
pertussis as they ore in tuberculosis. Dust, smoke, tobacco 
smoke, etc., greatly aggravate the irritation of the respiratory 
surfaces and increase the paroxysms. The child should be 
dressed warmly, and should, as much as possible, not bo allowed 
to become excited. 

To shorten the accesses, Taylor’s combination of three 
parts of chloroform, five parts of ether, and one-half to one part 
of amyl iMte, is very effective. A few drops of the mixture 
ore applied on a handkerchief and held under the nose. The 
last-named remedy is the main factor in the effect produced, 
acting as it does by relaxing the excessive vascular tension. 
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THE INTERNAL SECRETIONS IN THEIR RELATIONS 
TO PATHOGENESIS AND THERA¬ 
PEUTICS (i Continued). 

THE ADRENAL SYSTEM IN THE DISEASES OF THE 
ALIMENTARY CANAL. 

The aeries of diseases embodied in the present chapter is 
intended to illustrate three salient facts: (1) the cardinal rdle 
which the intestinal canal fulfills in the defence of the body at 
large against infection by increasing, when necessary, the pro¬ 
portion of auto-antitoxin in the intestinal juice; (2) that cer¬ 
tain toxins, endotoxins or other poisons can depress and even 
paralyze the vasomotor and sympathetic centers precisely as is 
the case with depressing drugs; and (3) the fact that the 
deprivation of auto-antitoxin which maternal, or at least breast- 
milk, entails when infants are hand-fed accounts for the fatality 
of intestinal diseases among them besides, as already shown in 
the preceding chapter, rendering them highly vulnerable to 
infection. 

CHOLERA A8IATICA. 

Synonyms. —Epidemic Cholera; Cholera Algida; Cholera 
Maligna. 

Definition.— Asiatic cholera, an infectious disease caused 
by Koch’s comma bacillus, is due to paresis of the test-organ 
and the vasomotor and sympathetic centers by the endotoxin of 
this pathogenic organism.* 

Symptoms. —After an incubation period varying from two 
to five days, the disease sets in by a premonitory diarrhoea often 
accompanied by slight colicky pain and borborygmus. The pa¬ 
tient feels well otherwise. After a period varying from a few 
hours to a few days, however, he becomes weak, experiences 
fleeting cramps in the extremities and chills, and, perhaps, ver¬ 
tigo or faintness. This is accompanied by a change in the char* 
actor of the stools. 
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This introduces the stage of serous diarrhoea , in which the 
■tools, from fecal or bilious, become fluid and serous, devoid of 
fecal odor and laden with rice-like flakes, thus constituting the 
"rice-water” stools. Several of these stools, each representing 
a large quantity of blood-serum, may be passed without pain, 
but soon abdominal cramps are experienced and vomiting sets 
in—also of “rice-water”—accompanied by a feeling of intense 
exhaustion. Gradually as the loss of scrum increases, thimt 
becomes greater, until it is intense and insatiable, and the urine 
becomes scanty or absent. The face is at first pale, but it soon 
assumes a leaden hue. As the flux increases, the patient grows 
steadily weaker, the pulse being small, weak and rapid, and in 
some cases irregular. The muscular cramps may also become 
severe and the extremities cold. This may prove to be but an 
attack of "choleraic diarrhoea” or "cholerine,” often met with 
during cholera epidemics. If this be the case, the symptoms 
gradually improve and the patient finally recovers. On the other 
hand, collapse may occur more or less suddenly, followed by 
death. Such a case may last from six hours to two days. 

If the case prove to be one of true cholera, it lapses into 
the algid stage. As described by a clinician who has observed 
many such cases, “this is announced by a lessened frequency 
and abundance of the dejections, which sometimes cease alto¬ 
gether. In a few hours, however, the patient’s condition grows 
rapidly worse; the countenance is altered—the cheeks become 
hollow, the eyes sink deeper in the sockets, are encircled by a 
black ring; there are pains in the head, car-tinglings, dixzincss 
and blurred vision; the voice becomes hoarse and is soon extin¬ 
guished. A feeling of anxiety assails the patient, who suffers 
from the most excruciating vomiting, hiccough and cramps in 
the calves. Cooling of tho surface increases, all external parts 
being, as it were, frozen; but the patient feels an internal, very 
troublesome heat, explained by the fact that the temperature 
of the skin, mouth, etc., is much lowered, while that of the in¬ 
ternal organs is raised and even febrile. At the same time the 
skin takes a bluish tinge with black marble-like veins coursing 
over the hands, feet, penis, and with increasing cyanotic dark 
hue of the nails. 'The pulse becomes weaker and smaller, until 
it disappears, first from the radial arteries and then from the 
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crurals and even the carotids, while the heart-beats gradually 
disappear, the sounds becoming weaker until Anally only the 
second sound is heard. To this, great emaciation is added, the 
body growing thin and the skin wrinkled. Breathing is fre¬ 
quent and difficult; every secretion is dried up, with the excep¬ 
tion of that of the sudoriferous glands, a cold and clammy 
sweat covering the cutaneous surface. At the end of this Btage 
the patient becomes extremely apathetic and somnolent, loses 
consciousness, Blowly turning his eyes toward a person speaking 
to him, and at times answering some words with great fatigue, 
but immediately falling again into stupor. A period of agita¬ 
tion, during which the patient tries to rise and utter vague 
words, sometimes precedes this stage of collapse, which generally 
—in more than three-fourths of all the cases—grows worse, and 
ends in death. The whole duration of the algid stage is from 
a few houra to two or three days.” 

When the patient survives the algid stage, the reaction 
stage begins, i.e., general improvement of all the symptoms and 
after a few days convalescence. In some cases, however, several 
of the symptoms persist, the anuria, hypothermia, dyspnoea, 
etc., and the patient may suiter a relapse which may prove fatal. 
In others, again, symptoms recalling those of typhoid fever 
occur—the so-called "cholera-typhoid/’ attended by delirium, 
a dry tongue, etc. This also may terminate fatally. Finally, 
the convalescence may be protracted and be attended hy various 
complications which include many forms of cutaneous eruption, 
gastro-intestinal disorders, inAammatory disorders of the throat, 
lungs and brain, cerebral softening, insanity, tetany, palsies, etc. 

Various clinical types occur, but they differ mainly through 
the intensity of the symptoms. Thus cholera siderans, observed 
sometimes in India, may run its course in a few hours, and in 
rare cases in a few minutes. Again, there are cases in which 
there is no diarrhoea, the so-called dry cholera, the absence of 
Aux being due merely to the fact that the Auids accumulate in 
the intestine, because paralysis of the latter prevents their ex¬ 
pulsion. 

The clinician referred to in tlic text in Professor Rnblno, of 
Naples. 1 He clearly deflnea in bin description of the algid stage several 
features which are of special importance when interpreted from my 
standpoint. 

1 Rublno: Bsjous's "Analjrt. Cfclo. of Prut Med.," vol. II, p, HO. MS, 
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Pathogened* and Pathology. —Asiatic cliolcra is duo to 
poisoning by on endotoxin contained in Kochs comma bacillus, 
which is liberated after death and disintegration of this micro¬ 
organism. Although infection occurs through the alimentary 
canal, even large quantities of specific bacteria may he ingested 
and be found in the stools without causing the disease, provided 
the functional efficiency of the body's auto-protective mechanism 
be perfect* Children are vulnerable to cholera liecause this 
mechanism is not fully developed; the aged arc vulnerable lie- 
cause it has become weakened in them, ns it docs under the 
influence of any debilitating condition, ill-health, overwork, alco¬ 
holism, deficient food, etc., all of which also predispose to the 
disease.* 

The gastric juice does not afford protection against water¬ 
borne cholera bacilli ns believed by some. The mnin protective* 
influence is exercised by the auto-antitoxin of the intestinal 
juice.* 

It is now generally recognised Hint the poison in nn rntlolftrin freed 
only by death and diwintetfrution of the germ. Pfeiffer* found thin noi- 
son intensely toxic. Cantani and Uaiualeiu* Hml others have made simi¬ 
lar observations. Its identity is not established, however, hut, ns shown 
by Nirati and Rictseh,* Van Knnengeiii, 1 Koch, I'feiHer and other in¬ 
vestigators, the injection of pure culture of the bacillus into the intes¬ 
tine or the peritoneal cavity of animals evokes pathological changes and 
symptoms similar to those observed in cholera Asiatics: marked weak¬ 
ness, feebleness of the heart’s action, murked coldness of the head anil 
extremities, etc. .Moreover, Koch’s baeillus is always found in the stools 
of cases of Asiatic, cholera, and in this disease only. Pcttenkofer anil 
Emmerich, Hastcrlik* and others, however, as is well known, not only 
swallowed without evil results Isrge quantities of cholera cultures, hut 
as shown below, various observers have found Hint normal stools may 
contain virulent cholera vibrios though the |iatient show no sign what¬ 
ever at the time or subsequently of cholera. That it is only under cer¬ 
tain predisposing eonditione, therefore, that the disease can develop, is 
obvious. As stated by Tyson, 1 "general ill-health, fatigue, the alcoholic 
habit, depression of spirits, fright nr anxiety, any one or all may Is* 
predisposing causes. All ages and sexes are liable to be infected, but 
young children seem most vulnerable,” and, I would add, aged people, 
the poor and 111-fed likewise. 

When, therefore, emigrants, pilgrims, etc., coming from regions in 
which the disease is always endemic, as it is on the borders of the 
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Gauges, into enwunnnl ilso containing such debilitated subjects, especially 
when the local hygienic conditions an defective, they c ommunic ate It 
to them indirectly, £*., through the intermediary of the soQ, the water 
and the food which they contaminate with their germ-laden discharges, 
their soiled linen, etc. Rublno* writes In this connection: “Cholera 
vibrios can live only for a short time In focal matter, seldom longer 
than two or three days;” . . . "they live, on the contrary, very 
long in the soli, especially when they find in It a proper nutritious 
material-, It seems-rather that their virulence is then heightened, the 
elaboration of their poison becoming more rapid and intense. They can 
live also on the outer surface of fruits and vegetables (the duration 
being then from one to six days), and even on the cut surface of these, 
where their life may last for a time ranging from one hour (on very 
add fruits) to two weeks. Cholera vibrios can grow freely in water, 
especially when it is stagnant and polluted with organic matter." This 
emphasises the fact that Infection occurs in predisposed individuals 
mainly through the alimentary canal, when the true cholera vibrio, 
Koch’s comma bacillus, Is present. 

The first citadel of the alimentary canal, the stomach, is thought 
by some observers to protect the body thre sh the bacteriolytic action 
of its gastric juice. ' Schultz-Schultxenstein* found that water contain¬ 
ing pepsin and traces of add killed the vibrio if .019 per cent, of hydro¬ 
chloric add le present, and that in 76 per cent of his experimental 
cases 600 c.o. water ingested on an empty stomach became bacterio¬ 
lytic, i.e., It acquired an acidity of 0.0S per cent In the remaining 25 
per cent., hqwever, it was only .0142 per cent.—a solution which does 
not kill tiie vibrio even in one and one-half houre. Now Howell 1 * states 
that, as shown by von Mering, water Introduced Into the stomach begins 
at once to pass out into the intestine; and moreover, that when 600 
o.c. of water were given to a large dog, by the mouth, 495 c.c. had 
passed into the duodenum, and out through a fistula in the latter, within 
heentjf-flee minute s. It is evident, therefore, that contaminated water 
carries the pathogenic onanism directly to the intestine in at least 
25 per cent, of all expo* >d Individuals. The gastric juice does not even 
protect those in perfect health, since, as already stated, various investi¬ 
gators have found bacilli In normal stools in Individuals who never 
developed the disease. The experiments of Pettenkofer and Emmerich 
on themselves demonstrate the same fact. An abundance of cholera 
vibrios having been found in their stools, their gastric secretions evi¬ 
dently did not kill the ingested cultures. 

Conversely, it is believed that the alkaline juice of tin intestine 
is necessary to develop the germ, and that it Is a suitable culture fluid. 
But in the light of the evidence I have adduced to the effect that the 
intestinal juice is rich in trypsin, nucleo-proteid and adrenoxidase, this 
cannot be the case. This accounts for the fact (hat Klemperer" found 
in experiments on guinea-pigs, rabbits and don, that the normal in¬ 
testine is strongly resistant to the cholera bacillus—an action which he 
attributed to a substance he found in the epithelial cells, U, nuehrinie 
acid and nuclein. This u obviously the nucleo-proteid, and as no one 
would deny the presence of trypsin in the intestine, nor since the labor* 
of Pawlow, Deltaenne, Camus and Oley, and others, that of entoro- 
kinase (trypsin plus adrenoxidase), the three constituents of the diges¬ 
tive triad which in the blood constitute the auto-antitoxin are evi¬ 
dently p re s en t. It ie the intestinal fuioe, therefore, which is the fleet 
eerione harrier to infection. 
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If n now Inquire into the ntuae of this, va are brought back to 
debility of the adrenal system, the mult of the many untoward con¬ 
ditions grouped aa “prediapoeing causes." The formation of adrenoxi- 
daae deficient, the pancreaa and the leucocytogcnlc organs are In¬ 

adequately nourished, so that trypsin and nucleo-proteld are formed In 
imraSBlcient quantities. 

Cholera is not, as generally believed, an intestinal disease,* 
the symptoms referable to-the alimentary canal being, in keep¬ 
ing with all the other characteristic symptoms, the result* of it 
general intoxication by the endotoxin of the coma bacillus. It 
is, therefore, by penetrating the intestinal walla and into tbe 
body Snide that the comma bacillus provokes the disease. As 
it is the function of the digestive leucocytes to ingest food- 
products in the intestinal canal in order to complete the diges¬ 
tive process and prepare the end-products for assimilation by 
the tissue-cells,* they ingest likewise in the intestine what bac¬ 
teria happen to be present in the food. Infection occurs when 
this intracellular process is inadequate, i.e., when the digestive 
leucocytes ingest living comma bacilli which they are unable to 
digest or even kill.* 

The number of bacilli ingested by leucocytes is not a promi¬ 
nent feature of their inability to destroy these germs, since 
enormous quantities of the latter may be swallowed by a man 
in normal health without giving rise to the disease. The ruling 
factor of infection is deficiency of the digestive triad : trypsin, 
nucleo-proteid and adrenoxidaae, both in the intestinal juice 
and in the digestive leucocytes, and infection occurs when the 
bacilli have, aa a result, remained unaffected by the bacterio¬ 
lytic action of these bodies.* It ia not in the blood, as now be¬ 
lieved, that the organisms proliferate;* the digestive leuco¬ 
cytes carry the living comma bacilli directly to the lymph-spaces, 
aa if they had been digested and converted into tissue-cell granu¬ 
lations* Being nnaasimilable, however, they are swept away as 
wastes by the torpid lymph-stream, and aa lymph is pra ctically 
blood-serum, a nd an excellent medium for their growth, they 
rapidly pullulate therein* When, with the lymph current, they 
* reach the blood and ultimately the arterial system, they are 
rapidly killed and disintegrated, and their endotoxin being lib¬ 
erated, general intoxication follows.* 


• HaAWi 
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It ii now believed tint cholera ie essentially an intestinal disease; 
yet. as observed by Karlinski 1 * in his own case, while studying cholera 
in Arabia, the comma bacillus can be present in one’s stools without 
provoking the disease. This was confirmed by Sawt soh anh o and Sabo* 
totony,“ Abel and Claussen/* Rumpel* and other observers. Haaterlik" 
repeated on himself and three others Pettenkofer's experiment, and as 
was the case with the latter, suffered no inconvenient -, though the bae- 
dlli were found in the stools. The doses were gradually increased until 
one of the experimenters ingested an entire culture of a third genera¬ 
tion. This caused abdominal pain and diarrhoea after thirty-six hours, 
but nothing more. As observed by Guttmann,* Kolle“ and others, this 
was true cholera, since large quantities of bacilli were found in the 
dejections, and Dinin' such cases are observed during epidemics. 

Again, while Pettenkofer, Emmerich, Hasterlik and his associates 
otonw no effects after swallowing large quantities of comma bacillus 
cultures, Pfeiffer and Pfuhl* suffered moderately severe attacks of 
cholera after being accidentally inoculated with cultures. Deaths have 
also occurred from this cause. As “inoculation” means the Introduction 
into the blood of a relatively very small number of bacilli, while enor¬ 
mous quantities of them were included in the cultures swallowed, it is 
self-evident that it must be fa the body fluids that the proliferation 
occurs. Indeed, the bacilli were found In Pfeiffer’s discharges for thirty- 
three days after the inoculation, and Thomas" has shown that all the 
symptoms and pathological lesions of cholera could be produced in rab¬ 
bits by intravenous Injections of pure cultures of comma bacilli obtained 
from cholera dejections. 

Now is it in the blood, as generally believed, that the prolifera¬ 
tion of the bacteria occurs? Bacteriologists have found that, as stated 
by Vlncensl," “the cholera vibrio develops luxuriantly in the blood- 
serum of healthy animals" in vitro, f.e., in eerum deprived of its bac¬ 
teriolytic activity by removal of its cells. This does not mean that a 
similar result can occur in the blood-stream, but that proliferation can 
take place in the lymph-stream. This becomes apparent when the func¬ 
tions of the digestive leucocytes, as I have described them, are taken 
into account. Interpreted from this standpoint, every leucocyte which 
happens to ingest one or more living bacilli in the Intestinal canal 
becomes a source of Infection, an inoculating agent, on entering the 
blood if it does not absorb in the intestinal canal a qualitatively qjl- 
oient supply of the digestive triad, trypsin, and its activators, nuoleo- 
proteid and adrenoxldase, constituting auto-antitoxin, to kill the micro¬ 
organisms. 

In the light of the evidence adduced in the seve n tee n th chapter, 
the leucocytes do not deposit their end-products in the blood; they 
leave the blood-stream by migrating through the walls of the capilla¬ 
ries and deposit them in the tissue-spaces in contact with the tiesue- 
cella. Unsuitable products, wastes, etc.—including the cholera vibrios 
in this condition—being of course unabeorbed by the latter, they are 
■wept away for the lymph-stream. Now lymph being, as stated by 
Stewart, practically “blood deprived of its eells,” Le., serum, we have 
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hi the torpid current of the lymph vemeli m vent field wherein, at the 
Ideal laboratory temperature, 37° U. (OS.fl° p.), tlie cholera vibrio can 
also develop “luxuriantly.” Ai to the fact that the grrma finally reach 
the' blood, jBomF found that the blood-serum of severe cases contained 
"an enormous quantity" of a substance which, injected into animals, 
produced all the typical signs of cholera and finally death. Tills poison 
was evidently derived from dead bacilli, for serum taken from the cases 
which furnished the poison failed to develop culture*. 

While the functional debility of the adrenal system is the 
primary cause of the body’s vulnerability to the disease because 
the specific organisms are thus allowed to reach the lymphatic 
vessels, proliferate therein and permeate the blood with their 
endotoxin,* the latter gives rise to the symptoms of the disease 
by paralysing directly the functions of the vasomotor and sym¬ 
pathetic centers. 

By inhibiting the functions of the vasomotor center, the 
cholera endotoxin causes, indirectly, dilation of all vessels of 
the body, and therefore accumulation nf the blood in the great 
central vessels, particularly those of the splanchnic area.* The 
peripheral vessels and capillaries lieing deprived of a corre¬ 
sponding volume of circulating blood, the marked symptoms of 
ischaemia of various organs appear: coldness and pallor as to 
the skin; vertigo and faintness ns to tlie brain; weakness and 
exhaustion as to the muscles; weakness and rapidity of the car¬ 
diac action, or anuria as to the kidneys; and dyspnout as to 
the lungs.* Conversely, the accumulation of blood in the deep 
trunks* gives rise to the sensation of intense internal heat and 
the high rectal temperature, which may reach 104° F. (40° C.) 
or more. 

Inhibition of the functions of the general sympathetic cen¬ 
ter by the endotoxin, coincides with the appearance of the serous 
diarrhoea.* As this center governs the caliber of the arterio’es, 
its inhibition causes relaxation of all these terminal vessels and 
flmWHng of all the organs they supply.* The bulk of the blood 
of the body being accumulated in the greater central vessels, 
t h ose of the splanchnic area, however, as stated above, the effects 
of the sympathetic paresis become manifest only in the organs 
adjoining the congested region, and the vessels of which are 
themselves engorged through this contiguity.* As the vessels 
of the infasKiM* form part of the engorged splanchnic area, 

AiutaSrlluL Ptttnr, vol. lx. p. SOT, UBS. 
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their mucous mcrnbrano becomes markedly hypenemic and tlie 
arterioles of its secreting elements being widely dilated and re¬ 
laxed, the blood-serum, which forms the liquid portion of their 
secretion, and sometimes pure blood literally pour into the in¬ 
testinal canal, forming the serous diarrhoea.* Mixed with the 
discharge are rice-like masses composed of desquamated epithe¬ 
lium, comma bacilli and leucocytes. 

Other symptoms are due to the relaxatioA of the arterioles, 
viz.: the cold sweats which occur before the blood has lost much 
of its serum; the abdominal muscular cramps, owing to the 
admission of an excess of blood-plasma and adrenoxidase into 
the muscular elements; the hiccough due to a similar condition 
of the diaphragmatic muscles; and the vomiting, partly caused 
by the accumulation, in the stomach, of serous fluids similar to 
those eliminated by the intestines.* 


In the first volume™ I showed by means of a chart that the nine 
cardinal symptoms of cholera were identical to those that follow re¬ 
moval of both adrenals in mammals. This coincidences, however, only 
with the corresponding, t.c., the advanced stage of the disease, when the 
functions of the adronals are paralysed. Indeed, the violence of the 
morbid phenomena and the rapidity with which they loud to a fatal 
issue in some cases indicate, however, that other general centers are 
primarily assailed by the poison. This rapid course cannot be duo to 
primary paresis of the adrenal center, since tlie disease would not in 
that case cause death in a few hours, or even a few minutes, as observed 
in some instances. Though Strehl and Weiss 1 * and others have found 
that compression of the adrenal veins—thereby arresting the supply of 
adrenal secretion—caused an immediate fall of the blood-pressure, etc., 
it is nevertheless true that the circulation of the adrenals is not arrested 
even by paralysis of the adrenal center, and that the mere passage of 
blood through the adrenals is sufficient to sustain for some time, though 
inadequately, the vital process. We will see farther on, however, that 
arrest of the adrenal circulation finally does occur, and that this entails 
death. 

That the vasomotor center is primarily paralyzed is shown by the 
early pallor, which occurs coincidently with the peripheral hypothermia 
and the central hyperthermia—tlie skin being cold while the rectal tem¬ 
perature is 104° P. (40° C.) or over. This points to accumulation of 
the blood in the great central trunks, the splanchnic area, and its nor¬ 
mal consequence, depletion of the peripheral capillaries. This interpre¬ 
tation meets the teachings of experimental evidence, for Pfeiffer,™ basing 
his opinion on the effects of dead bacilli on guinea-pigs, concluded that 
the poisons liberated acted as paralyzants to the centers governing the 
circulation and the temperature. It accounts also for various para¬ 
doxical phenomena that prevailing conceptions fail to elucidate. Thus 
Stiller,™ during the Hamburg epidemic or 1892, observed the disappear- 
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■nee of ■ eplenio ndlmg In each of three panes of typhoid fever when 
the patients were also attacked by cholera. Obviously. the aplenie swell¬ 
ing waa due to engorgement incident upon the fever, the deeper vessels 
being intensely contracted; u soon u the cholera poison depressed the 
vasomotor center and caused relaxation of these deeper vessels, the 
spleen waa depleted; there was a simultaneous fall or the peripheral 
temperature to BS° F. (35° C.). and the organ resumed its normal 
volume. So plain also Is the depletion of the peripheral vessels, that 
Kleba" was led to conclude that contraction of the arteries was a 
pathogenic sign of cholera. 

Conversely, ns observed by Simmonda" in 300 autopsies at the 
Hamburg Hospital, there was hypenrinia of the intestinal serous mem¬ 
brane; so great is the engorgement of tile intestinal structures at times, 
that blood is mixed with the glandular exudation, ns noted hy (ininu- 
leia.“ Indeed, as is well known, the passages are sometimes bloody. 
The large intestine is also, as stated by Riibinn." “extremely liypenemie!" 
It is not due to a direct action of the bacilli or their toxins on the 
intestine, since the local lesions arc must pronounced late in the dis¬ 
ease. Nor is the congestion restricted to the intestine. Rusi" found 
microscopically marked engorgement of the vessels of the female genitnl 
organs with extravasation. The cause of this is plain when we take 
into account the result of the vasomotor paresis, ».c., accumulation of 
blood in the deep vessels, and particularly those of the splanchnic area. 

The vasomotor paresis dues not account, however, for the serous 
diarrhma. We have Been that a number of familiar drugs, veratrum 
viride, chloral, the bromides, etc., also depress the functional activity 
of the vasomotor center.* In toxic doses they also cause marked i»erSph¬ 
eral hypothermia, a high central temperature, etc.—symptoms similar 
to those just described. Yet none of these drugs, even in toxic doses, 
cause the serous diarrhma or flux; the cholera endotoxin must, there¬ 
fore, provoke this symptom in another way. It cannot be ascribed to 
irritation of the intestinal canal by the specific microorganism; for, as 
we have seen, the normal stools of individuals in good ncalth can con¬ 
tain virulent cholera vibrios, though no signs of the disease appear. 
Moreover, as shown by Denys and 8hiys,“ the comma bacillus does not 
alter the intestinal mucous membrane. Cholera occurring, us pointed 
out above, only when the immunising properties of the digestive leuco¬ 
cytes and blood are deficient, and when the endotoxin of the dead germs 
is diffused in the blood, the flux can only he due to paresis of the center 
which governs the flow of plasma into the intestinal secretory elements. 
As the arterioles are the vessels which supply these structures with 
blood, the nerve-center paralysed is the general sympathetic center. That 
the blood-serum should, under these conditions, now in such quantities as 
practically to deplete the whole body (os shown by the shrunken con¬ 
dition of the latter after death) is self-evident. 

Inhibition of the general vasomotor and sympathetic cen¬ 
ters is not, however, the immediate cause of death. This is due 
to the fact that the loss of serum gradually causes the blood to 
become too viscid to circulate in the capillaries, and particu¬ 
larly, owing to their extreme minuteness, in those of the adrenals. 
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(■Set* colored plate opposite page 46, Vol. I.)* Hence the in¬ 
satiable thirst, and the shrinking of the body as the loss of 
fluid increases; and, owing to gradual cessation of adrenal 
functions, the algidity, the cyanosis, the darkness of the blood,* 
and the steady decline of all vital functions, which finally cease 
when the physical conditions of the blood are such that the latter 
can no longer carry on its functions.' The main cause of death 
whieh asserts itself, therefore, is the viscidity of the plasma, 
which prevents its circulation in the capillaries, including those 
of the pituitary and adrenals.* 

That it ia limply to the lack of plasma, including of coun lta 
salts, that these symptoms are due, is shown not only by the highly 
beneficial influence of intravenous injections of saline solution, but also 
by the excretions and the condition of the blood. While RubinoP* states 
that sodium chloride is included in the salts found in the rice-water 
stools, Carrieu** found the urine poor in chlorides during convalescence, 
thus showing a loss during the disease. Gradually os the patients im¬ 
proved the chlorides were found to increase. Uoxon* found the blood 
in the great vessels and heart “remarkably viscid and tarry." Renvera" 
also found the tissues very dry and the blood greatly thickened. That 
such a condition of the blood should paralyse function is self-evident. 

Treatment/ —The primary effect of the cholera endotoxin 
being to depress the functions of the body’s protective median- * 
ism, the adrenal system, adrenalin in large doses, injected with 
one pint (600 cubic centimeters) of saline solution intraven¬ 
ously but very slowly is onr most effective remedy. 

Since I first pointed in the first edition of the present work (1903) 
the striking similarity of Asiatic cholera to adrenal failure, various ob¬ 
servers Drake-Drockman (1910), Ptoveanns, (1912), Nannie (1914)“* 
have emphasised the same kinship and have used adrenalin in aaline 
solution, the last named author emphasising the remarkable tolerance 
of these patients for the adrenal principle. Demetrescu** found experi¬ 
mentally that the cholera toxin caused the disappearance of chromaffine 
Hiilistance from the adrenal medulla. 

Surgeon-General Francis" states, referring to calomel, recom¬ 
mended by Ayres, of Hull, that Dr. AI demon in 1807 obtained a mor¬ 
tality 15 to 20 per cent, tower than that of his colleagues who depended 
upon astringents and alcoliol. Calomel was also found very beneficial 
by Lieut. Col. F. \V. A. de Fsheck of toe Indian Medical Service. F. 
IVyre Porcher** recalled, at toe time of the Hamburg epidemic, the 
treatment recommended by Calhoun also many yean before, which, he 
says, though heroic, “obtained far superior results to those reported as 
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Ikr u the proportion of cured cum in concerned.” Tlie nietliod was 
"calomel, 10 grains (0.0 gni.); gum camphor and tannin, each ft grain* 
(0.3 gm.) everv half-hour or hour, a* the urgency of the symptoms 
demanded, until the diarrhcea wu checked uml the secretions were re¬ 
stored to a healthy state.” Pasalskv" found, however, that the tannin 
was useless without the calomel, ahd gave 10-grain (tl.tl gin.) dose* 
hourly for a few hours. Porcher used the calomel alone and astringent 
injections, plus mustard, to abdomen and extremities, and he states 
that by pursuing this plan in the premonitory stage, he did not lose a 
single patient. Van Hassell* treated ftl cases witli hut fifteen deaths. 
He advised the immediate use of calomel, not forgetting to give hydro¬ 
chloric add at the same time. The calomel is mixed with a little water 
and gum powder, placing the mixture on tlie tongue, thus avoiding 
touching the teeth. The first dose is 1 grain (1A gr.) repeatisl several 
times. Even in convalescence 0.01 gram ('/« gr. I is given hourly. Ley- 
den* 1 ascribed the better results obtained during the Inst Hamburg 
epidemic in part to the use of calomel. Many other clinicians have 
spoken in the same vein. 

Administered by the month, however, ctqicciitlly when the 
serous diarrhoea has begun, the drag is greatly exposed to la>ing 
washed down the intestinal canal and thus fail to Im? absorbed. 
The effects would lie rendered for more certain nnd prompt* by 
giving the hinioditle of mercury intravenously, the quantity 
administered being at least ’/* grain (0.03 gm.) frequently re¬ 
peated, until the stools become greenish, i.c., hile-stnincd.* Dis¬ 
solved in thirty drops of warm, sterilized water, this quantity can 
be injected into the veins at the liend of the ellmw without caus¬ 
ing the least pain, while reaching tlie test-organ within a 
minute.* 

The fhet that calomel administered by tlie mouth proven ineffective 
—for tlie reason suggested in the general text—lias minted it* into In 
he abandoned by many practitioner*. Thus Surgeon-Clcncrnl Franci* ,J 
stgtea that - "many practitioners condemn it.” on the plea that “Hi" 
drug lies inert in the intestine.” The mode of using mercury recoin 
mended above is used in the treatment of syphilis. Oft various salts of 
mercury used intravenously in this disease in the course of 408 injec¬ 
tions, the Mniodide was found, better than any. to meet the conditions 
of this procedure: perfect solubility; failing to coagulate albumin; 
ready sterillaability; painlessness, and rapidity of action. 

Mercury not only counteracts the paralyzing influence of 
the cholera bacillus endotoxin on the test-organ, hut it increases 
its functional activity, thus causing an accumulation of auto¬ 
antitoxin in the blood.* The cholera bacillus licing easily de¬ 
stroyed by the immunizing constituents of the blood, the in fee- 
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tion is directly antagonized.* The Ihyroidaee being an impor¬ 
tant factor in this process as sensitizing agent (opsonin) to 
facilitate the bactericidal function of the phagocytes, thyroid 
gland, 10 grains (0.6 gm.), should be given at once orally, 
followed by 5-grain (0.3 gm.) doses every two hours.* 

The vulnerability of the cholera bacillus was shown fay the re¬ 
searches, among others, of Pfeiffer and Vsgedes," who found that no 
other g er m was similarly Inhibited, aa shown by the hanging drop. A 
serum employed by them (the counterpart of auto-antitomn, aa viewed 
from my standpoint) was diluted in fifty times its quantity of bouillon. 
The mieroacopa showed the gradual inhibition of the activity of the 
cholera bacilli until complete inactivity of all the germs present oc¬ 
curred. This action la even more violent in the. living serum, where 
the germ Is not only Inhibited but destroyed. 

The next morbid factor to overcome is the paresis of the 
vascular centers, due to the direct action of the cholera endo¬ 
toxin.* This is, to a certain extent, overcome by the mercury 
and the thyroid extract, both of which, by enhancing the func¬ 
tions of the adrenals, cause a general rise of the blood-pressure. * 
An active agent is required, however, to excite the sympathetic 
center, in order to cause constriction of the intestinal arterioles 
which are allowing the serum of the blood to escape into the 
intestines.* The beat agent for this purpose is morphine , which 
interferes in no way with mercury and thyroid,* and also tends 
to relieve the suffering, which is very great. 

Some theoretical objections have been railed to the uae of opium, 
but Ita physiological action having remained ofaeeure until I pointed out 
ite action on the sympathetic center, they were devoid of foundation. 
Eichhorst* 4 found that it gave, on the whole, the beat reeults in the 
epidemic at KOnigaberg, and others have likewise praised it. In the 
light of the views submitted above, however. It should only be regarded 
aa a valuable adjuvant, since it does not influence the prewilfe process 
Itself. 

The curative efficiency of all these agents is greatly com¬ 
promised, however, by the fact that early in the course of the 
disease, the blood becomes increasingly viscid until the capillary 
circulation is rendered practically impossible. Any amount of 
anto-antitoxin and any number of phagocytes which the mer¬ 
cury and thyroid extract may evoke become useless. Hence the 
. overwhelming importance of saline solution in this disease. The 
.great error made usually, however, is to wait until the algid 
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stage is reached, t.e., when'tlie fatal trend has begun. It should 
be given intravenously at a temperature of not leas than 110° 
P. (43.3° C.) front the outset ,* beginning with a few ounces at 
a sitting* and increa sing to one or two quarts, if necessary, 
later on. 

The use of saline solution is another feature which was empha¬ 
sised many years ago. In 1831-38 O’Shaughnessy, writes R. H. Cox 
“proposed to combat the collapse stage” of cholera "by means of intra¬ 
venous injections.” He also gave the following analysis of the blood: 
M (l) A material diminution of the water of the blood of the cholera 
patient,, the specific gravity of the serum ranging from 1041 to 1034; 
(8) a notable decrease of the quantity of soluble salts, amounting, as 
far as regards the scrum, to a mean 1 -m of one-third of those sub¬ 
stances: (3) that the solid constituents of the cnuMsmentum, Including 
Its salts, retained their normal proportions, wanting merely water to 
restore It to the normal state; and <4) that the dejections were alkaline 
and albuminous, and contained the water and soluble salts in which 
the serum of the blood was deficient.” Lattn, of Edinburgh, Inspired by 
these conclusions, "was the first to practice intravenous injection In 
the collapse atagB of cholera.” His object, however, adds Dr. Cox, "was 
not to supply o xyg en to the blood, but to replace the salines and water 
hot from it by the purging and vomiting.” In some of the moribund 
ca s e s even, detailed, the results might aptly lie termed resuscitations. 
The highest authorities, Cantani, Ifaytm, lluchurd, llehio, Neumann and 
others, have urged the great value of saline solution. Hager,** after 
using it in 907 cases In Hamburg, was led to regard it as the only 
remedy of value during the algid stage. Iloysc" likewise found intra¬ 
venous injections alone to give good results. (lagi*n-Tom,“ after using 
intravenous injections of saline solution in 200 cases with a mortality 
of only IS per cent., concludes that “the injections should be given as 
early as possible; during the stage of reaction, they are of but little 
use. 

Other remedies are capable of exciting the adrenal system 
during the acute stage—those enumerated under the next head¬ 
ing—but none can be said to fulfill the object as perfectly as 
mercury and thyroid gland. 

Prophylaxis.—The vulnerability to Asiatic cholera depends, 
in the li gh t of my views, upon the efficiency of the adrenal sys¬ 
tem.* As this may be raised by a number of drugs which, by 
swifawg the test-organ and through it the adreno-thyroid center, 
increase markedly the blood’s asset in auto-antitoxin, it may bo 
said that it is within our power to immunise ourselves daring an 
epidemic.* Thyroid gland is the most active adrenal stimu¬ 
lant of *11, and adds opsonin to the blood; it is, therefore, 
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dearly Indicated.* Iodine and the iodides are nearly as effi¬ 
cient ;* cocaine is a powerful adrenal stimulant,* but the danger 
of the Cocaine habit must not be overlooked; belladonna is like¬ 
wise an adrenal "Stimulant,* but its action on vision precludes its 
use in sufficiently large quantities to afford protection. Strych¬ 
nine is less effective than either of the above, though valuable 
for continuous use, especially with quinine hydrochlorate *— 
but dot in large doses as to the latter, since the leucocytes must 
not be endangered. 

Alcohol, which deoxidises the blood, and heavy smoking 
(nicotine being a powerful adrenal depressant) should be avoided 
during a cholera epidemic,* but coffee is beneficial, being, like 
strychnine and adrenal extract, a vasomotor stimulant.* 


CHOLKRA MORBUS. 

Synonyms —Cholera Nostras; Sporadic Cholera. 

Definition.—Cholera nostras, a sporadic non-infectious dis¬ 
ease resembling greatly Asiatic cholera, though seldom fatal, is 
due to marked depression of the adrenal vasomotor and sym¬ 
pathetic centers by certain poisons derived from decomposing 
foods, shell-fish, etc., and the toxins or endotoxins of certain 
bacteria, some of which present the characteristics of Koch’s 
comma bacillus.** 

Symptoms. —The attack usually comes on suddenly, the 
earliest symptoms being, as a rule, slight faintness, fleeting 
griping abdominal pain and nausea. These symptoms gradually 
grow more intense, and are finally replaced by severe cramps in 
the abdomen, and sometimes in the extremities, with purging 
and vomiting, and marked tendency to fainting. The body and 
particularly the face become very cold and covered with cold 
sweat, and the surface temperature may be reduced several de¬ 
grees. There is extreme pallor, and sometimes cyanosis, the 
eyes being sunken and dull. The pulse becomes rapid and weak,* 
and in severe cases may be irregular. The patient experiences 
a sensation of extreme illness and prostration; his sufferings 
are indeed very acute. 

At first the vomited material is composed of what aliments 
may have remained in the stomach, but soon it becomes viscid 
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and bile-like, then clear and serous. The stools also at first 
contain normal, though dilute, excrement!tious products, but 
they finally become watery and may, in severe cases, present all 
the characteristics of the rice-water discharges of Asiatic chol¬ 
era. The urine is usually scanty and may even be absent, though 
the patient suffers from intense thirst. This is aggravated by 
the fact that the salivary secretion is likewise reduced. 

In the majority of cases witnessed. Hies** symptoms last 
from twelve to twenty-four hours, then gradually subside, leav¬ 
ing the patient weak and pale for a few days. 11 seldom proves 
fatal, except in very young, old, or dcbilituted subjects. 


The choleraic dinrrlinu observed in Enro]>e nnd Asia includes ell 
the above phenomena, but they conic on slowly nnd persist severs I da.ys 
or even weeks, collapse occurring in some instaiinw in from four to six 
days. An attack of cholera morlius may Is* unattended by pain, as 
shown by a severe case reported by G. (1. Speer." 

Pathogenesis and Pathology. —Cholera morbus is usually 
caused by poisons, bacterial toxins or endotoxins, including that 
of the comma bacillus, ptomaines or Icucnuiains. which arc in¬ 
gested with beverages nr decomposed foods, especially shell-fish 
and cheese, etc., and which the gustm-iuicatinal secretions and 
the digestive leucocytes fail to convert into benign assimilable 
end-products. Once in tlic blood they depress markedly the 
functions of the test-organ, i.e., of the adrenal system, and those 
of the vasomotor and sympathetic centers.* As a result then* 
is general relaxation of the vessels throughout the body and 
retrocession and accumulation of the blood in the deeper arte¬ 
ries, especially those of the great splanchnic area. The arte¬ 
rioles being simultaneously relaxed through the paresis of the 
sympathetic center, the glandular elements of the skin and of 
the alimentary canal are flooded with hlood-sorum, the source 
of the fluids which constitute their si*crctions.* Hence tlio 
profuse sweating, vomiting, purging and the copious serous dis¬ 
charge.* 

At flrat there is roimlderablc irritation of the gsntro-lntmtinal 
mucosa. The intestinal hypensmia witnessed, however. Isi not due to 
this enteritis, as text-books teach, but to relaxation of the twmlw 
elements. Rublno" states that "the essential pathological conditions 
involved are a morbidly sensitive condition of the mucous membrane of 
the alimentary canal, a general impairment of the tonicity of tissues 
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with deficient aiygwnt k m of the blood, and ao dec i ded an impairment 
of the vasomotor nervous influence over the veaaela of the muooua mem- 
branee of the atomach and inteatinea aa to allow copioua exudation of 
the aerous elementa of the blood." The morbid aenaitiveneoa to which 
he refera la, in the light of my views, the result of a temporary inability 
on the part of the sufferer's adrenal system to adequately protect him. 
Excessively warm weather, fatigue, cold and damp, etc., are all condi¬ 
tions which debilitate the organism and thus predispose it to cholera 
morbus if one of the pathogenic elements happens to oe ingested. This 
does not mean, of course, that a sufficiently large quantity of poison will 
not prove pathogenic to a normal subject. Many such ca e c a are wit¬ 
nessed. 

In some cases, irrespective of any Aaiati'' cholera 'epidemia, germs 
very similar to Koch’s comma bacillus are found in the evacuations. 
Cases of this kind have been reported by Finkler and Prior, and Gilbert 
and Glrode." Telamon** found, in fact, the typical bacillus, and held 
that “cholera nostras and cholera Asiatics were one and the same dis¬ 
ease." Deaths from cases of this kind have been reported by Style,** 
Hobbs* 4 and others. 

Treatment.— Opium almost fulfills the rdle of a specific in 
this disease, owing to its stimulating action on the sympathetic 
center.* All the peripheral arterioles being soon restored to 
their normal caliber, the serous effusion ceases, and the blood- 
pressure being raised by the restitution of the normal resistance 
to the blood-stream, all the nerve-centers, general and sub¬ 
sidiary, receive more blood and resume their normal functions.* 
To obtain this effect, not loss than % grain (0.016 gm.) of 
morphine should be administered hypodermically in an adult. 
The camphorated tincture of opium, paregoric, two to three tea¬ 
spoonfuls in a half tumblerful of water, is also very efficient. 
These doses should be repeated if necessary. Atropine lias been 
found of special value in severe cases in V, M -grain (0.00054 
gm.) doses. It is, like morphine, a powerful stimulant of the 
sympathetic center,* and may be given simultaneously. Calo¬ 
mel, owing to the energy with which it stimulates the adrenal 
center, promptly restores the patient to his normal condition 
when given in V, 0 -grain (0.0065 gm.) doses every hour three 
or four times. 

Atropine was recommended fay HuepnF for ca s e s In which the 
signs of intoxication are severe. Waugh" states that symptoms of 
cholera morbus subside promptly after a hypodermic injection of Vm 
grain (0.00048 gm.) of atropine, repeated if necessary. Ha also found 
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'/■ grain (0.0033 gm.) of calomel every fifteen mlnutea eery efficient. 
Moat anthors recommend hot aromatics, ginger, capsicum, etc. Others 
mention nitroglycerin among the agents 'tried—in vain, of course. That 
•11 drugs capable of still further increasing the vasodilation should be 
•voided is self-evident. 

In severe cases the great loss of fluids causes the blood to 
become viscid, and to lose much of its plasmatic saline constit¬ 
uents; its osmotic properties are therefore greatly impaired, and 
life ia endangered. Intravenous injections of mlinc solution 
act promptly under these conditions; three to four pints—each 
pint containing one tcaspoonful of common salt—may be in¬ 
jected at a sitting. 

A number of cases have been reported in which this measure 
actually saved life. In a ease reported by John Cull on" all the standard 
remedies, including morphine amt belladonna, hail been tried in vain. 
When the patient had about become pulseless nml liis temperature bail 
fallen to 95.8° F. (35.3° O.), three pints of saline solution at 100 a F. 
(41.1° C.) were injected into the median cephalic vein. Conaeiousnes* 
returned before the third pint had been used, and the pulse was soon 
beating normally. 

CHOLERA INFANTUM. 

Synonyms.— Infantile Cholera; Acute Catarrhal Enteritis. 

Definition.—Cholera infantum, a comparatively rare form 
of infantile dinrrhirn which symptomatically closely resembles 
Asiatic cholera, is due to paresis of the adrenal, vasomotor, and 
sympathetic centers by various kinds of poisons, especially those 
ingested with or formed in milk. It is usually met with in 
hand-fed infants.* 

Symptoms. —After a period of restlessness and perhaps a 
alight diarrhoea with some abdominal pain, the child begins to 
vomit and purge with steadily increasing frequency. The tem¬ 
perature rises, but in the rectum only, where it may ultimately 
reach 105° P. (40.5° C.), the skin being cold and clammy—a 
condition recalling the algid stage of Asiatic cholera. The pulse 
is weak and rapid; the respiration is irregular or of the Cheync- 
Stokea type. The infant fairly fades away, its weight and 
strength decreasing rapidly and its fontanelles becoming deeply 
depressed. It is at first very pale, then grayish, the eyes being 
sunken and encircled with black rings. Restlessness is marked, 
a fact due to abdominal and muscular cramps, the abdomen 
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being retracted and the limbs in some cases being drawn up 
suddenly, then violently extended. Convulsions may occur, the 
head being retracted. Thirst is extreme—a symptom aggravated 
in some cases by the fact that all foods and liquids are vomited. 
The urine is scanty and sometimes suppressed. In some cases 
there iB marked apathy, and the patient lies in a semi-comatose 
condition; the pupils are unequal and sluggish. The material 
vomited is at firet composed of bile-stained mucus, but it soon 
becomes serous; the first stools are usually faecal, then perhaps 
greenish, hut finally they also become serous and exceedingly 
copious and exhausting. 

Collapse may occur in from a few hours to a couple of days. 
The decline is marked by gradual cessation of the acute symp¬ 
toms and lowering of the temperature. As the end is approach¬ 
ing, however, the latter may become very high—107° to 108° F. 
(41.6° to 42.3° C.)—and convulsions may supervene, the child 
then lapsing into lethal coma. 

Although the mortality of cholera infantum is very large, 
the prognosis is not altogether hopeless. The tide may turn 
during the first twenty-four hours, all the symptoms gradually 
disappearing. Ttelapscs are not uncommon, however, and con¬ 
valescence iB slow. 

Pathogenesis and Pathology. —Cholera infantum is due to 
intoxication by various kinds of poisons, bacterial toxins and 
endotoxins, ptomaine, leucomains, tyrotoxin, etc., ingested with, 
or derived from, food-stuffs. Tt is usually met with in hand-fed 
infants, and when observed in nurslings, is the result of a toxic 
condition of the milk due to indisposition of the nurse. The 
majority of cases occur during hot weather, w'hen foods, includ¬ 
ing milk, are most apt to undergo putrefactive changes leading 
to the formation of itoisona, or to liccome contaminated by dust, 
bacteria, flics, etc. The gustm-intcstinal juices of infants being 
deficient in auto-antitoxin*—since the mother’s milk is nor¬ 
mally aseptic and provides her nursling with the auto-antitoxin 
ita intestines and body require*—the intestinal poisons are 
absorbed. 

Once in the blood, the poisons provoke, as in cholera mor¬ 
bus of adults, paresis of the test-organ and of the vasomotor 
and sympathetic centers.* 
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General vasodilation being thus produced, the blood re¬ 
cedes from the surface to the great central vessels, the cutaneous 
capillaries being practically depicted.* Hence the high rectal 
temperature and the simultaneous coolness of the surface, which 
later assumes the algidity of the corresponding period of Asiatic 
cholera.* This symptom is aggravated by the lowered oxygena¬ 
tion which the paresis of the adrenal center entails.* 

The gastro-intestinal flux, the most striking symptom of the 
disease, is due to the paresis of the sympathetic center, i.r.. to 
the resulting dilation of ihe arterioles they govern.* The 
gastro-intestinal capillaries lieing engorged, the blood-serum 
escapes in large quantities through the mucosa and is voidnl ns 
soon as a sufficient amount lias nrciimulntiHl in the stomach or 
intestine. ITcnec tlic serous character of the stools. 

The terminal convulsions are due to the accumulation of 
waste-products in the blood, owing to the lowered oxygenation.* 
It denotes resumption of the adrenal functions, to such a degree 
sometimes, that the excessive temperature referred to, 103° to 
108° F. (40.3° to 42.2° C.), is brought about.* This would 
prove a life-saving reaction were it not for another pathological 
condition, vis., the viscid condition of the blood caused by the 
loss of serum and of the salts it contains. Its osmotic proper¬ 
ties being greatly impaired, it can no longer penetrate the capil¬ 
lary walls to bathe the cellular elements nnd sustain life.* 

Many pediatrists and bacteriologists have closely studied the bac¬ 
teriology of cholera infantum, but tlic consensus of opinion at the pres¬ 
ent time la that it cannot he attributed to a specific bacterium. That 
various mteraOrfptnisms may, either through tlieir toxins or the decom¬ 
position they promote in the ingests ami other factors enumerated in 
the text, cause the disease, is generally recognised. As stated by 
Blaekader," “there are very few changes found nfter death either in the 
intestinal canal or in any of the organs"—u fuet which, in view of the 
violence of the symptoms, relegntes us to tlic nervous system. Indeed, 
the Mime author says in this connection: “The earlier symptoms may. 
therefore, reasonably he ascribed to the influence of some toxin nnon 
the heart, nerve-centers and vasomotor nerves of the intestines, while 
many of the later aymptnms must h- referred to the great abstraction 
of aeroua fluid from the body.’* While this explains nothing, it points 
to the nervous system as an Initial factor in the morbid process. Again, 
Tyson" writes: “The temperature should la* taken in the rectum, na 
that of the axilla mav be misleading. Indeed, the akin sometimes feels 
cool when the internal temperature is high." In the light of my views 
the axillary temperature does not mislead: it points to the actual eon* 
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dition —a low peripheral temperature, while that of the rec tum ii hi gh. 
Am I have explained, *Ms is due to pared* of the vasomotor center. 

Treatment.—The measures indicated in this disease depend 
upon the progress it has made when the infant is first seen. 
Powerful adrenal stimulants are required when the case is seen 
early; if seen late, the first indication is to restore the blood 
to its normal fluidity, and then to use adrenal stimulants.* 

If the child is seen before the rice-water stools and algidity 
hare begun, and the stools are still faseal or greenish and add, 
calomel is required, *4 grain (0.016 gzn.) being administered 
every twenty minutes until the stools assume a better aspect— 
which they usually do after five or six doses have been taken. 
This agent not only rids the intestines of toxic substances, but 
it stimulates powerfully the adrenal center. By thus causing an 
accumulation of autorantitoxin in the blood, it promotes catabo¬ 
lism of the poison, especially in the liver. Moreover, a cardinal 
feature of the curative process is the fact that the increase of 
auto-antitoxin raises the tone of the vessels and the general 
blood-pressure by penetrating the muscular layer of the vessels. 
Calomel is endowed, therefore, with all the attributes of a cura¬ 
tive agent, provided it is used with adequate energy.* 

Referring to the great mortality of cholera Infantum aa given by 
moat competent authorities. Botch, Holt and Jacobi, vis., two-thirds of 
all cases treated, W. H. Wallace" states that. Inspired by my views as 
given in the first volume* 1 In respect to this disease, he had resorted to 
active stimulation which included calomel, V, grain (0.016 gm.), every 
half-hour until signs of bile appeared in the stools, and had been able to 
save his two last cases. Stengel" gives V, grain (0.008 gm.) every four 
hours, but I do not consider this dose adequate. Taylor and Wells" 
recommend V* to V» grain (0.0016 to 0.008 gm.) every fifteen minutes 
until two or three grains (0.18 or 0.8 gm.) have been administered. 

Contrary to what is taught In text-books, the so-called 
“hyperpyrexia” should not be combated.* The high tempera¬ 
ture being central only and due to the accumulation of blood in 
the deeper vessels, especially the splanchnic area, every effort 
should be made to restore the equilibrium of the circulation by 
measures which promote cutaneous hyperemia:* by rubbing 
with warm flannel; warm baths—beginning with 98.6° F. (37° 
C.), the normal temperature, and raising it gradually to 105° F. 


• iatWi esaetosiCM. __ 

• Wallses: Vs. Med. Seml-monthlr, July Ml ttOL 
« Of. rol. I, pp. 47 and 77S In ths first two, editions. 
" Stance!: No, Csrollns Mod. Jour.. Apr. V0. IBM. 
"Taylor and Wells: "Ms. of Children,*’ p. **. 



CHOLERA INFANTUM. 


1741 


(41.8* C.); hot-water bottles, ete., the very measures indicated 
In the corresponding stage of Asiatic cholera. 

Although various authors compare the frigidity of the surface Jn 
cholera Infantum to the algid stags of cholera, they recommend cold 
baths in the former and hot bottles in the latter. Cold baths might 
prove of service by promoting the formation of wuste-imidurta nnd. 
through these, stimulation of the adrenal center; but the paucity of 
blood in the skin to which the frigidity u due defeats this action'ami 
annuls the value of the remedy. Boeder" recommends a warm mustard 
bath, followed by rubbing and placing of the child in a warm bed, “every 
effort being made to sustain the body warmth.” 

As soon as the intestines are satisfactorily cleared hy the 
calomel, flushing of the colon i'b indicated, using lukewarm nor* 
malsaline solution, one pint (500 gm.). Simultaneously a small 
quantity of the solution. 3% drachms (10 gm.), should he in¬ 
jected hypodermically—repcntedly in severe cases. The sensi¬ 
tiveness of the skin lieing reduced, owing to the deficiency of 
blood, the child hardly fcclB the prick of the needle. When de¬ 
hydration by copious nnd repeated serous stools is present, large 
quantities, 6 to 8 ounces (180 to 250 gm.), should he injected 
subcutaneously. 

Aa stated by Stengel," flushing of the colon nnd tepid bntha will 
cause the symptoms to abate. Kpatcin" observed prompt improvement 
and rapid recovery in apparently hopelena cuhch by mean* of amall 
doses of saline solution injected subcutaneously. Loin" injected 14 
drachma (56 gm.) night nnd morning in infants from three weeks to 
six months old, and found it effective after every other measure hud 
failed. Many other reports of this kind are available. Hlnckmler" stales 
that 8 ounces (236 gin.) or more, injected at once into the subculunraus 
tissues of the thigh, abdomen or buttnrk, repeated twice daily if neces¬ 
sary, usually causes marked improvement of all symptoms. 

When the case is seen after the serous stools have started, 
agents which stimulate the sympathetic center are necessary in 
addition to the foregoing measures, to reduce the caliber of the 
arterioles which this system governs.* Morphine is an active 
agent of this kind (especially after the osmotic properties of 
the blood have been restored by the use of saline solution in 
small or large doses) when given hypodermically in ] / l00 -grain 
(0.00065 gm.) doaca for a one-year-old child. Or, one or more 
drops of the tincture of opium may be given in an enema, ac- 
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cording to age. Atropine is another valuable agent of this kind, 
and is, Qn the whole, safer for infanta, grain to Vno grain 
f0.00013 gm. to 0.00086 gin.), according to. age, being well 
borne sflbcutaneously. By augmenting the propelling power of 
the arterioles, it drives blood into the peripheral capillaries, thus 
counteracting the hypothermia.* 

As emphasized by Potter," opium should never be given when the 
discharges arc green, slimy or offensive. - Jacobi™ recommends the warm 
enemata containing some alcohol and one dr more drops of laudanum. 
The use of atropine has been recommended by mftny reliable observers. 
Sterretf 1 states that under the influence of '/■ grain (O.OOOUfl gm.) 
in water, one such granule being given for etch year of the child’s age, 
every fifteen or thirty minutes, “the vomiting usually ceases, the skin 
becomes warm and the circulation equalised.” Carefully dosed granules, 
such as those of the Abbott Company, should be used, to avoid untoward 
effects. 

INFANTILE DIARRHCEA. 

Synonyms.— Summer Diarrhoea,; Acute Gastroenteritis; 
Dyspeptic Diarrhoea. 

Definition. —Infantile diarrhoea— a disease caused in most 
instances by the substitution of artificial foods for breast milk, 
which, owing to the auto-untitoxin it contains, protects the nurs¬ 
ling Against infection—is due to excessive irritation of the in¬ 
testinal mucosa by toxic substances, especially the toxins of bac¬ 
teria ingested with cow’s milk.** 

Symptoms. —These vary according to the location of the 
inflammatory process. If tho small intestine is involved alone, 
the symptoms of acute dyspeptic enteritis prevail. The first of 
these, in the majority of cases, are restlessness, peevishness, and 
n slight fever, attended perhaps with slight colic, looseness of 
the bowels and nausea. These phenomena gradually become 
more severe until vomiting and purging occur. The stools, 
which at first may have contained undigested food detritus, are 
now and then offensive, green or greenish-yellow or brown. The 
temperature rises, reaching sometimes 104°* F. (40° C.), the 
pulse being rapid and feeble. As the stools become more fre¬ 
quent, emaciation progresses rapidly, the child’s aspect changing 
greatly within a few days. In some cases the onset is more 
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sudden, all the symptoms enumerated coming on in sapid sue* 
cession from the first, .including the high fever, but excepting 
the purging. A* the latter appears the tonijierature may recede 
one or more degrees. In this class of cases nervous phenomena 
are apt to prevail, i.e., marked restlessness, delirium and even 
convulsions. Prostration increases ns the disease progresses 
until slight cyanosis, coldness of the extremities and rapid dimi¬ 
nution of the child's suffering indicate impending death. 

When the inflammatory process is located chiefly in the 
ileum and colop, constituting acute rntrro-rolilis, the earliest 
symptoms are, as a rule, similar to those of the preceding condi¬ 
tion, but they come on abruptly and are supplemented by others 
which point directly to the large intestine as their source. Thus, 
while early vomiting is marked win'll the small intestine is alone 
involved, it is much less severe when the lesions are mainly 
located in the colon; the abdomen is apt to las tense, swollen 
and tender along the course of the colon. Various symptoms 
that recall dysentery also np|iear. i.r., considerable mucus and 
more or less blood in the stools, straining, pain and sometimes 
intestinal prolapse during defecation. The stools are not copious 
as in dyspeptic enteritis, but small, and, as a rule, quite green, 
though sometimes brown. Tn rare cases shreds of pseudo-mem¬ 
brane ore also passed. The prostration and nervous phenomena, 
observed in dyspeptic enteritis may also occur, but ulceration of 
Peyer’s patches and other intestinal glands causes these cases 
often to assume a typhoid type. Wasting progresses rapidly 
and the infant is almost reduced to a skeleton when, as usually 
happens, the ease lasts five or six weeks. 

The chances of recovery depend greatly upon the environ¬ 
ment of the infant and its condition. Among the well-to-do the 
prognosis is far more favorable than among the poor, owing to 
the unsanitary surroundings of the latter, and also to the fact 
that their children are often puny and ill-fed. 

Pathogenesis and Pathology. —The one great cause of in¬ 
fantile diarrhoea, of the millions of lives it has cost, and of the 
thousands of infants it is killing each year, is the substitution of 
artificial foods of any kind, including row's inilk supposedly ad¬ 
justed to the physiological needs of the human organism, for 
Naiurds own food, the mother's milk, or failing it, b r ea s t- milk . 
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Telling in this connection are the following lines by no leu an 
authority man Jacobi:™ “Amongst thou who believe in the omnipo¬ 
tence of chemical formula, there prevalla the opinion that a baby de¬ 
prived of mother*! milk may just os readily be brought up on cow’s 
milk; that la eaaily disproved. In Berlin they found amongst the cows'- 
mllk-fed babiea under a-year, the mortality waa six times as great as 
amon gst breast-fed infanta. Our own great cities gave ua similar, or 
slightly smaller, proportions, until the exeeuive mortality of the very 
young was somewhat reduced by the care bestowed on the milk intro¬ 
duced into both our palaces and tenements. Milk was 'examined for 
bacteria, cleanliness and chemical reaction. It was sterilised, pasteur¬ 
ised, modified, cooled, but no cow’s milk was ever under the laws of 
Nature changed into human milk, and with better milk than the city 
of New York ever had, its infant mortality was greater this summer 
f 1004] than it has been in many years. That hundreds of thousands 
of the newly-born and small infonts perish every year on account of the 
absence of their natural food, is a fact which is known and which should 
not exist.” 

The statistics of the question point overwhelmingly in the same 
direction. Emmett Holt found that of 1043 fatal cases of digestive dis¬ 
orders, only 3 per cent, had been breast-fed. In a series of 718 fatal 
ca s e s of infantile diarrhcea in Liverpool, studied by Jones,™ the propor¬ 
tion of breast-fed infonts was nearly as low, i.e., 4.2 per cent. He states 
that in Munich the general mortality among breast-fed infanta is 15 

E ar cent., while in artificially-fed infants it is 85 per cent. J. Lewis 
mith says that at Lyons, where foundlings (a class of infants, the 

S irents of whieh are often alcoholics, syphilitics, etc.) are wet-nursed, 
e mortality is 337 per thousand, whereas at Aix, also a provincial 
city, where they are fed artificially, it is 80 per cent. In New York it 
reached nearly 100 per cent, until wet-nurses were provided. Winters™ 
states that “during the siege of Haris (1870-71), while the general mor¬ 
tality was doubled, that of infants was lowered 40 per cent, owing to 
mothers being driven to suckle their infants!” “In my own experience,” 
writes Holt, "fatal ca ses of diarrhmal diseases in nursing infants are 
extremely rare.” 

The enormous mortality in artificially-fed infants is due to 
the fact that none of the artificial foods, including cow’s milk, 
even when obtained under the most favorable conditions and 
accurately adjusted as to proteids, carbohydrates, inorganic salts, 
etc., to the composition of human milk, supply the infant with 
bactericidal and antitoxic constituents that breast-milk contains, 
i.e.. the lacteal auto-antitoxin.* This immunising substance 
serves not only to prevent infection of the infant’s alimentary 
canal, but it penetrates into its blood to afford protection against 
infections of all kinds.* 


Ehrlich™ ah owed that milk waa rich in antitoxin, though lass ao 
than blood, aa he aubaequently found with Waaaermann.™ As stated by 
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Metchnikoff, “the ohemioal composition of antitoxin is unknown." That 
the milk’s antitoxin la similar to thnt in the blood, if. of auto-anti- 
toxin, is demonstrated by the presence of the three constituents of the 
latter. The presence of adrcnoaldaae is shown by the fact that Babcock 
and Russell, Dupouy,™ Raudnitx,™ Arnold,** Neumann Wonder” and 
others have all found an oxidase in milk which colored guaiar blue. 
The last-named investigator also found that milk contained a proteo¬ 
lytic enzyme which he refers to as try/min or galactose. Snolverini** 
round both trypsin and pepsin, and his observation was confirmed by 
NoMcourt and Meriden" and others. We have seen that the nurlco- 
proteid was also present as a constituent of fibrinogen. There can be 
no doubt as to the immunising agencies being the same as in the blood. 
Van de Velde and Iauidstheer* 1 round that all the milk ferments were 
also present in the blood. 

The bacteriolytic property of the blood, according to the Buchner 
school. Is due to alexins which, as 1 have shown in the first volume, aru 
similar in composition to antitoxin. K. Moro"* found that the serum 
of breast-fed infants not only contained more alexins thnn artificially- 
fed ones, but that the proportion corresponded with thnt of the alexins 
in the blood of the maternal placenta. This indicates that it is tlio 
function of the mother’s milk to supply the infant's blood with anti¬ 
toxin, precisely as her blood did her rietus in utcro. This was empha¬ 
sised by the investigations of Halban and Landstciner," which showed 
that the maternal blood was, as compared to that of the ftetus, more 
potent as a bacteriolytic and antitoxic agent and as an immunizing 
serum; and moreover* that it inhibited more actively fermentative proc¬ 
esses. Metchnikoff*' states thnt the passage of the antitoxin ingested 
with milk Into the suckling's blood, has been confirmed by a large num¬ 
ber of observations. Welch, in his Harvey Lecture, also says: “It is an 
important function of the mother to transfer to the suckling through 
her milk immunising bodies, and the infant’s stomach has the capacity, 
which is afterward lost, of almorbing these substances in an active state. 
The relative richness of the suckling’s blood in protective anti-bodies, 
as contrasted with the artiflcially-fcd infant, explains the greater free¬ 
dom of the former from infcctioils diseases.’’ 

Although cow’s milk is likewise rich in auto-antitoxin, the 
latter begins to lose its activity soon after milking, because its 
nudeo-protcid combines with the adrenoxidaae, thus depriving 
the immunizing compound of its two activating agents.* The 
fluid portion of the milk thus becomes reduced to the condition 
of blood-eerum, an excellent culture medium for bacteria. 
Hence the fact that in a few hours, especially during warm 
weather, milk is often found to contain enormous quantities of 
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bacteria, benign and pathogenic.* Pasteurisation destroys the 
majority of virulent bacteria, it is true, but it also destroys the 
bacteriolytic trypsin; boiling is still more efficacious as a bac¬ 
tericidal agent, but it destroys both the trypsin and the adrenoxi- 
dase, thus annulling the immunizing properties of the milk.* 
Milk sterilized by cither method, though seemingly capable of 
nourishing the infant, fails, therefore, to supply its blood with 
the antitoxin required to protect it adequately, and it is rul- 
• nerable to infection both in the respiratory tract and in the 
alimentary canal.* 

Trypsin was found in cow’s milk by Rpolverini," Nobficourt and 
Merklen" and others. Glllct** found cow’s milk rich in oxidase (ad- 
renoxidase), thus confirming the observations of other investigators. 
Indeed, the literature of the subject shows that young mammals are 
but prototypes of the infant in the protection afforded by the maternal 
milk. While Fremlenreirh n and others found, for instance, that cow’s 
milk when fresh destroyed cholera, typhoid and other pathogenic bac¬ 
teria, Metchnikoff, referring to the investigations of Ehrlich and Wasaer- 
mann,** states that "earlier researches had shown that it was only when 
mice were very young that they could assimilate antitoxins from the ali¬ 
mentary canal, while adult mice acquired no immunity, the blood show¬ 
ing no increase of antitoxic activity.” This clearly points to the need 
of antitoxin in the blood of young mice to increase its antitoxic activity. 

Indeed, in the light of my views, it is probable that the ferments 
in maternal milk do more than protect the offspring against infection, 
i.e., that they actually taka part i» it a cellular metabolism, its very 
vital process. Thus, while Ehrlich in 1000 laid stress on the fact that 
human milk contained ferments which made it superior to all methods 
of artificial feeding, Morn" showed by careful experiments on infants 
that while they gained in weight constantly upon normal breast milk, 
when the latter was sterilized by heat, thus destroying the ferments, the 
increase in weight was almost imperceptible. The failure of Lunin's 
chemically perfect artificial milk—in which, however, the ferments were 
not taken into account—thus liecomes self-evident. Referring to the 
fact that in Lunin’s method of preparing this milk the unorganized fer¬ 
ments were destroyed, L’cspSrancc* remarks, quite in keeping with the 
estimates of Jacobi: "This fact explains why sterilized milk and other 
sterilized foods have not fulfilled the general expectations of the scien¬ 
tific world.” 

Given now an infant fed on perfectly "sterilized, pasteurized, modi¬ 
fied, cooled cow’s milk,” what have we at best? An organism vulner¬ 
able to infection not only by way of the alimentary eanal, but also by 
way of the lunge. Hence the appalling mortality among infants not 
onjy from intestinal disorders, but also from pneumonia, bronchitis and 
other pulmonary diseases. Suggestive In this connection is the fact that, 
in a series of 837 c a se s reported by various observ e rs and summarized 
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by Holt," and In which the bacillus ilyscntcrw of Shiga mi found, 30 
were east-fed—a condition which, aa he anya, practicallv excludes the 
poaaibility of infection through milk. Tlic onlv other channel ia the 
respiratory tract, the intestinal irritation being mused by the elimina¬ 
tion of the bacillus through thu inteatinul mucosa. 

Under these conditions the doily and continuous use of con¬ 
taminated milk is not required to infect the in hint, a single 
day’s milk or even a single feeding of wi/k containing a few 
pathogenic bacteria suffices to do so, since its secretions, its 
blood and its lymph are unable to prevent their proliferation.* 
A single relaxation of vigilance on the part of the infant's 
attendant involving secondary contamination of the milk after 
sterilization, an error in rending the thermometer during Pas¬ 
teurization, careless cleansing of the vessels or bottles, etc., may 
thus entail the pathogenic importance of an inoculation through 
the skin—where a minute quantity of infectious material may 
provoke general infection.* . This is rendered possible by the 
fact that even milk drawn under the strictest antiseptic precau¬ 
tions contains over 3(10 bacteria per cubic centimeter; that ordi¬ 
nary fresh milk contains from 2000 to -10,000 bacteria in the 
same volume; and finally that the proportion of bacteria in 
the milk delivered in cities, especially during warm weather, 
ranges from 40,000 to 2.000.000 bacteria per cubic i*cntimeter. 

Tlie proportions mentioned were olitninod ms inly from those pub¬ 
lished by (tann, in the bulletins of the Michigan Stutn Agricultural Col¬ 
lege Experiment Station. Tlie larger figures given may seem large, hut 
they are probably hrhnv tlie average. Ilamil!.** for instance, states that 
“the number of* bacteria sometimes found in ordinary market milks 
Is almost incredible. As many us 100,000.000 per cubic centimeter have 
* been found in the milk of Washington, D. anil as many ns 000.000.000 
per cubie centimeter have been found in some milks in the city of New 
York. Of course," adds tlie author, "these figures art* unusual, but a 
count of from 1,000,000 to 2,000,000 per cubie centimeter is not at all 
uncommon." 

Among the pathogenic microorganisms (but have been found 
in milk are streptococci, staphylococci, the bacilli coli and lactis 
aerogenes, and those which produce typhoid fever, diphtheria, 
glanders and tuberculosis. No special organism can he said to 
he the specific cause of infantile diarrhoea, but those most fre¬ 
quently found in the stools are the streptococcus, which occurs 
in the stomach, small and large intestine; the protens vulgaris. 
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found in severe cases, with putrid stools; the staphylococcus 
pyogenes; the bacillus pyocyaneus; the bacillus mesentericus; 
the bacillus enteridis, and finally a microorganism which has 
attracted considerable attention of late, the bacillus dysenterim 
of. Shiga. 

The presence of Shiga’s dysentery bacillus in the stools of cases 
of summer diarrhma, was pointed out by Cell! and Valenti," and con¬ 
firmed by Dural and Bassett." Flexner," summarising the results of 
observations in 412 coses studied bactoriologieally by various investiga¬ 
tors in four large cities, states that of this number 63.2 per cent of all 
cases examined gave positive results. Holt"* studied the clinical reports 
of 237 cases, and found the dysentery associated with every sort of in¬ 
testinal disturbance accompanied by diarrhoea, with the notable excep¬ 
tion of cholera infantum. 

The lesions in the alimentary canal vaiy with the duration 
of the case. There may be slight gastritis with punctiform 
hemorrhage. The upper portion of the intestine is rarely af¬ 
fected, the ileum, the ileo-csucal yalve and the colon bear the 
brunt of the morbid process. This may vary, from hypenemia 
to marked congestion, followed by ulceration of the enlarged 
follicles and Payer’s patches—the source of the typhoid symp¬ 
toms witnessed. Bacilli are found both in the mucosa and sub¬ 
mucosa and occasionally deeper. The two layers are sometimes 
involved in the necrotic process and become detached and voided 
in the stools as pseudo-membrane—a rare occurrence, as pre¬ 
viously stated. 

Treatment.—When infantile diarrhoea has developed, owing 
to any one of the morbid factors enumerated, the cardinal in¬ 
dication is to destroy the pathogenic elements both in the ali¬ 
mentary canal and in the blood. Castor oil has received the 
sanction of considerable experience, but it should be considered 
only as an eliminant. It starts the intestinal antitoxic process 
by increasing refiexly the secretory activity of the intestinal 
mucosa and a great step is made toward protecting the infant.* 
But this is inadequate to protect it properly.* Its adrenal 
system should be stimulated to unusual activity in order to in¬ 
crease the proportion of auto-antitoxin in -its blood and intes¬ 
tinal juice.* Calomel is decidedly the best agent in this con- 
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paction and should be begun as soon as the castor oil lias pro¬ 
duced its effect, Vm grain (0.003 gin.) every half hour until 
1 groin (0.065 gm.) has been given. If the stools have not 
resumed their normal color, it should he continued, avoiding, 
however, salivation, which indicates, as 1 have shown, that the 
proteolytic—and therefore bacteriolytic and antitoxic—proper¬ 
ties of the blood have become excessive.* The bin iodide of 
mercury is quite as effective.* 

It la customary to combine 1 the calomel witli auppoiuHl antiseptics, 
■nch aa resorcin, benaol-naphthol, etc., but they do more harm than good. 
It is a fallacy to believe that they act in the intestinal canal as they 
do In the laboratory. The alimentary canal being laden with lulmiwxi- 
dase, these various drugs are broken lip and their aetion is entirely 
modified. 

I do not deeiq it necessary to submit evidence to the effect that 
castor oil and calomel are valuable in infantile dinrrhon. Reflecting 
only the prevailing knowledge as to their action, lilnckader'* 1 writes: 
"For the evacuation of the intestinal tract two drugs especially com¬ 
mend themselves on account of their promptness and the very slight 
amount of irritation which they induce. These are castor oil and calo¬ 
mel." As to the biniodidc of mercury. Luff 1 " reported HO eases, 72 of 
which were cured in two days ns to the diurrlura prr m\ He gave it in 
Vaa-grmin (0.0082 gm.) doses in a solution of potassium iodide. Illing¬ 
worth baa also reported excellent results. 

To remove the exogenous pathogenic factor goes without - 
saying. If the infant is lian«l-fecl, the lieat curative food is the 
milk of a wet-nurse, which supplies its alimentary canal and its 
blood with the antitoxin it requires.* Diphtheria antitoxin sug- 
gests itself as an effective agent in this connection.* 

The value of the homologue of maternal milk, that of a wet-nurse, 
under theee conditions, is self-evident. The change for the better is 
al most nwglfl. Iu one of my cases twenty-four hours of wet-nurse con¬ 
verted a very ill infant to one in normal health—aside from the tem¬ 
porary emaciation and weakness. I saved my only son by this measure 
after all others, carried out by a friend and colleague, had failed. 1 
cannot find evidence to the effect that diphtheria antitoxin has been 
tried in such eases; that it must be valuable—in the light of my views 
at least—is apparent. 

The loss of considerable serum in choleraic cases depletes 
the child’s blood bofh of fluids and alkaline salts, and the osmotic. 
and antitoxic properties of the body fluids and the migration 
at phagocytes to bacteria-laden areas are thus greatly compro¬ 
mised.* This should be counteracted by large enema at saline 
solution at not less than 108° P. (38.9° C.), dally, during the 
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period of serous discharge and once after its cessation. If the 
enema is at once voided with the stools, the solution should be 
given subcutaneously, 8 or 10 ounces (836 to 895 gm.) being 
injected very slowly. 

Many clinicians wait until the stage of collapse before using the 
saline solution; this is supported by no Bound reason whatever. It 
would be as wise to allow a man to starve until death is near before 
giving him food. 

If after the stools arc no longer foul, the serous flux per¬ 
sists notwithstanding all the foregoing measures, small doses of 
morphine are necessary to provoke contraction of the intestinal 
arterioles, the excessive dilation of which underlies the flow. 

To obtain thin result astringents are usually employed, but these 
agents arrest function by enusing constriction of the capillary walls. 
The preparations of opium, on the other hand, influence precisely the 
torpid center and the arterioles it governs, namely, the sympathetic 
center. 

During the first few hours of treatment, the diet should 
be limited to bariey water; as soon os improvement occurs, how¬ 
ever, an increase of food » required.* This may be met by 
I toiling a very fresh egg until its yolk is so hard that it can 
readily be reduced to a flour-like powder.* TliiB powder added 
to the barley water or to equal parts of barley water and boiled 
milk, or to any other liquid food that may be adaptable, in¬ 
creases greatly its value ua a nutrient, and supplies the infant 
with all the constituents its organism requires for a prompt 
convalescence.* A change of air, especially if the infant con be 
taken to the seashore, hastens convalescence very greatly. 

The convalescence is often protracted, owing to the fact that the 
food administered does not contain enough phosphorus to build up the 
myelin lost during the illness, and the entire nervous system is adyn¬ 
amic and stays so. As stated by Shoemaker,’** yelk of egg (viteltusl 
“Is highly nourishing, and, as it contains phosphorus, it Is especially 
restorative to the nervous system.” 


ACUTE ENTERITIS. 

Synonyms. — Acute Diarrhoea; Simple Acute Catarrhal 
Enteritis; Acute lleo-colitis; Acute Intestinal Catarrh. 

Definition.— Acute enteritis, a disorder characterized by 
diarrhoea, is due to a reflex reaction of the intestinal mucoea 

• Author** roncfaifea. 
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which has for its purpose to antagonise the harmful effects upon 
it of noxiouB substances contained in the ingestn, or in Uie sub¬ 
stances which the mucosa itself eliminates.** 

Symptoms. —The most prominent symptom of this condi¬ 
tion is diarrhoea. The stools, which are at first /aval, become 
yellowish or colorless, and finally watery and frothy, and occur 
with increasing frequeue}’. Though offensive at first, they 
sometimes lose all odor. When examined microscopically, they 
are found to contain leucocytes, erythrocytes, broken-down 
columnar epithelium, various non-pathogenic bacteria, and the 
bacillus coli commune, food detritus and other substances 
which vary according to the segments of intestines involved. 
The' salient symptoms are eolicfcy pain, borborygmus, flatu¬ 
lence, some abdominal tenderness with gurgling on pressure, 
oliguria due to the loss of fluids, anorexia and sometimes 
slight fever. 

Unless the diarrhoea be the forerunner of some graver con¬ 
dition, as is often the case during cholera epidemics, or the 
initial stage of chronic enteritis, the symptoms disappear grad¬ 
ually after the second or third day. 

Pathogenesis and Pathology. —Untcritis is caused hv any 
substance capable of irritating the intestinal mucous membrane. 
It represents, at first, a (vagal*) reflex increase of functional 
activity of the intestinal glandular nml muscular elements by 
the irritant, having for its purpose the protection of the mu¬ 
cosa and the body at large. Intestinal juice containing auto-' 
antitoxin and mucus (the latter serving to protect mechanically 
the cellular elements of the mucosa), the former is produced in 
abundance, to disintegrate by cleavage the irritating substance 
and insure its elimination.* 

The irritation of the intestines may be exogenous ,* 
caused by ingested materials, unripe fruit, fermented foods, 
an excess of food-staffs, or foods containing a small quantity 
of leucomaina (those containing a large quantity of leucomains, 
stale cream-puffs, ice-cream, cheese, etc., give rise to cholera 
morbus, in which the central nervous system is involved*), 
unripe fruit, impure drinking water, etc.; or endogenous, i.e., 
produced by irritants originating in the body. Trade wastes. 
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formed when the body is exposed to cold and damp or when the 
surface of the abdomen is suddenly chilled, 1 * frequently cause 
enteritis. The temperature of the cellular trypsin being low¬ 
ered, the cutaneous catabolic processes are inhibited, and as 
imperfectly broken-down wastes are poisonous, they irritate the 
intestinal canal while being eliminated througl it* The toxic 
substances of bacterial origin, of detritus, achfe, etc., formed 
during typhoid fever and other febrile diseases, cancer, Bright’s 
disease, tuberculosis, etc., produce enteritis by the same mor¬ 
bid action on the intestinal canal.* 

Treatment. —In mild cases due to ingested irritants, a 
restricted diet, particularly if anorexia be present, usually suf¬ 
fices to insure early recovery, since the intestinal overactivity 
» thus to a great extent reserved for the disintegration and 
elimination of the offending substances. When a case presents 
any degree of severity, however, the auto-protective process 
should be aided by administering a purgative. Magnesium 
citrate , the entire bottle being taken in two doses, usually 
suffices for the purpose and materially reduces the duration 
of the diarrhcca. Calomel , in 1 / 4 grain (0.016 gm.) doses for 
adults, every half hour until eight doses have been taken, is also 
very effective. By actively stimulating the adrenal center, it 
increases the activity of the pancreas, and therefore the anti¬ 
toxic activity of the intestinal juice, while acting as a purga¬ 
tive.* Smaller doses are also efficacious, though castor oil is 
preferred by many clinicians. 

After elimination of the irritant substances measures may 
be taken to arrest the diarrhoea. This may be done by giving 
small doses of opium, V, grain (0.03 gm.), to constrict the 
arterioles.* If there is any suspicion that the cause is not 
completely removed, belladonna is preferable, since it not only 
reduces the caliber of the arterioles, but enhances their propul¬ 
sive activity, thus increasing the volume of arterial blood which 
circulates in the capillaries of the intestinal mucosa.* A gran¬ 
ule of Vim grain (0.00065 gm.) three times daily, then twice 
daily, suffices. If there is any degree of general adynamia, 
thyroid gland 1 grain (0.06 gm.) after each meal not*only 
counteracts this condition, but while doing so, hastens resolu¬ 
tion of any intestinal lesion that may be present.* 
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' CHRONIC ENTERITIS. 

Synonyms.- —Chronic Diarrhoea; Chronic Entero-colitis • 
Ulcerative Colitis; Mucous Colitis; Tropical Diarrhan. 

Definition. —Chronic enteritis, a disorder characterized by 
persistent diarrhoea, is due to irritation of the intestinal mucous 
membrane by imperfectly digested food-stuffs, or by protozoa. 
The diarrhoea is the expression of a protective process having 
for its purpose the destruction and removal of the pathogenic, 
substance or parasite.* 

Symptoms. —When it does not occur as a result of acute 
enteritis, the chronic form comes on insidiously, the first indi¬ 
cation being looseness of the bowels, occurring coincidcntly 
in most cases with gastric malaise. The movements gradually 
increase, however, both sb to number daiiv, (bough they seldom 
exceed five, and as to quantity, and arc apt to occur after rising 
in the morning or immediately after a meal. The first, daily 
stool is usually faecal, but the succeeding ones gradually become 
more liquid until they arc watery, though vellnwish-bmwn in 
most instances. The typical stools arc clay-colored and usually 
contain considerable mucus, the terminal stool of the daily 
scries being often entirely mucoid, sometimes streaked, in ad¬ 
vanced cases, with blood. They arc often described ns “sago¬ 
like,” the mucus being broken up into granules. At times they 
arc bile-stained and brownish-yellow. 

Microscopically, the stools are usually found to contain 
fragments of food, carbohydrates ns well as proteids, in various 
stages of digestion, starch granules, fat globules, cholcstcrin 
plates, triple phosphate crystals, etc. Occasionally, especially 
in women, the mucus is discharged in the form of casts of 
various segments of the colon. Examination of the rectum in 
advanced cases reveals marked local congestion and areas of 
ulceration, the whole being coated with mucus. Tn the prox¬ 
imity of the anus the mucous membrane is usually found thick¬ 
ened and excoriated, owing to constant contact with abnormal 
excrementitious products. The sphincter being extremely irri¬ 
table, tenesmus is often complained of—a cause in some cases 
of constipation, followed sooner nr later by a copious discharge. 
Pain is sometimes complained of, but it amounts seldom to 


•Author** SOtalttai. 



1764 nmoBNA & sncnumoNS in pathoonnsbib and tuatiunt. 

more than Blight colic. Tenesmus and flatulence am prominent 
features. Another salient symptom in some cases is a voracious 
appetite, though the patient is usually asthenic, even his tem¬ 
perature being sometimes below normal. 

In tropical countries especially, including the Philippines,' 
various protosoa, the balantidium coli in particular, may cause 
obstinate diarrhoea. The stools are generally bloody and con¬ 
tain, the organism, while the blood of the general circulation is 
found to contain an unusual number of eosinophile leucocytes. 

Pathogenesis and Pathology.—Chronic catarrhal enteritis 
may be due to the presence in the intestinal canal of food¬ 
stuffs (both proteida and carbohydrates) that have been imper¬ 
fectly hydrolized to peptones and proteoses in the stomach, and 
which - therefore act as irritants. Any disease of the stomach 
in which the digestive process is sufficiently impaired may thus 
give rise to this form of enteritis, also termed “lienteric diar¬ 
rhoea.” The imperfectly digested foods, owing to their irritat¬ 
ing nature, stimulate reflexly the intestine to increased activity,* 
secretory and peristaltic, to such a degree that in the majority 
of cases the bowels are evacuated immediately after a mead, the 
stools containing considerable undigested material. 

In another class of cases, the digestive process is inade¬ 
quate in the intestine as well as in the stomach, the secretion 
of pepsin and trypsin being markedly reduced, and the gastric 
motricity and intestinal peristalsis likewise. Dilation of the 
stomach and enteroptosis are sometimes observed in these cases, 
owing to muscular relaxation, and the diarrhma often tends to 
alternate with periods of constipation. This form is primarily 
due to conditions which markedly debilitate the adrenal sys¬ 
tem.* These include exhausting diseases such as tubercu¬ 
losis, malaria, anaemia, syphilis, and influenza; conditions which 
overtax the muscular system, such as long marches with heavy 
accoutrements and other causes .of fatigue;' insufficient or in¬ 
digestible food; dirt-eating, etc. The excessive heat of trap* 
ical countries also predisposes to chronic catarrhal enteritis, 
tropical diarrhoea, the debilitating influence being the loss of 
reflex excitation of the central nervous system which cold in¬ 
sures by exciting the cutaneous sensory organs.* 
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Various protozoa may provoke persistent chronic diarrhoea 
by cansing ulcerative enteritis. Prominent among these is the 
balantidium coli of Malmsten (1846) which penetrates the 
mneoaa and submucosa, and by multiplying rapidly, brings 
about organic changes that may cause death in a few months. 
It is ingested by drinking water infected with the balantidium 
of pigs, in which it is common. Hie amoeba coli, one of the 
causes of tropical dysentery, and the strongyloides intestinal is 
of Havay (1876) may also cause obstinate diarrhoea by giving 
rise to ulcerative enteritis. 

That chronic diarrhoea may br of dyspeptic origin is now generally 
recognised, thanks to the labors of Kwald, Nothnngel. Rnsenbarh. Pen- 
soldi, Einhora and others. The same may lie said of tlie asthenic form. 
As stated by Allen A. Jones,"* “In the gastric affection named by Kinhorn 
‘Achylia Qastrica,’ there exists a suspension of tlie secretions of the 
stomach, in some cases as the result of atrophy of the gastric^ glandules. 
In others as the result of a nervous illsturliance of secretion. Tt is 
probable that all cases of this affection do not arise from glandular 
atrophy. For some years Stockton has maintained that the disorder 
often begins, and may continue, as a neurosis, anil he has found a special 
form of oeular refractive error associated with It. In writing upon 
‘Gastric Anacidfty* some years ago,” adds tlie author, “I also emphs- 
ilnd the luggpition that some eum perhaps commence m a neuron!# and 
may go on to subsequent organic disease nnd atrophic changes.’’ lie 
considers as results of such a condition, a precipitate expulsion nf food 
with irritation or overwork of the intestine, caused by the toxic sub¬ 
stances developed and more or less severe inflammation of tlie intestine. 
That the adrenal center Is primarily affected is shown by the nature of 
the diseases which give rise to it, 4.0., “chronic exhausting diseases,” as 
Tyson" characterises them. 

That the balantidium coli may also produce lesions other than those 
found in the colon, may be illustrated by a case n>|iorted by Htrong and 
Muagrave,*** in which the jejunum and ileum were both hypemmio and 
contained considerable mucus. 

Treatment.—Tlie chronic catarrhal enteritis due solely to 
gastric disorders, requires, of course, appropriate measures calcu¬ 
lated to remove the latter. Attention to the diet is also of para¬ 
mount importance: cereals, fruit and vegetables leaving much 
waste, iced foods or beverages, fried or highly seasoned foods, or 
substances cooked in much fat, etc., should be avoided and re¬ 
placed by easily digested articles. Overrating and drinking 
is a prolific source of the disease in tropical countries. Alcohol 
is always contraindicated, since it deoxidizes the adranoxidase of 
the gastric juice and lowers its digestive activity in proportion.* 

w^AUtn*A. t Jon«e , /*Jour. Amer. Xtd. Asaoa., Jely M, HR 
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Fndi water, without ice, should be used as a sole beverage. 
Bismuth subnitrate , in 15-grain doses (1 gnu), taken one hoar 
before etch meal, and washed down slowly with a half-tumbler¬ 
ful of water, is carried by the latter directly to the intestine, 
and markedly reduces the local congestion before the next meal 
enters the canal. Towards the end'of each meal, 5 grains (0.3 
gm.) of pepsin aid considerably the digestive process and avoid 
the formation of the intestinal irritants. If there is gastric 
atony, and the digestion be abnormally slow, a small pill com¬ 
posed of extract of gentian, */■ grain (0.033 gm.), and extract 
of nux vomica, V« grain (0.016 gm.), taken twenty minutes 
before each meal in addition to the foregoing measures, is 
indicated. In mild cases, these remedies, a light diet, and rest 
—since a considerable portion of muscle-wastes are eliminated 
by way of the intestine and tend to aggravate the local lesions— 
soon prove beneficial and, if persisted in, curative. In severe 
cases, the reduced diet should be replaced by an all-milk diet, 
taking care that the patient be supplied daily, distributed 
throughout the three meals, the quantity of sodium chloride 
eliminated daily with the urine, i.e., Vi ounce (15.5 gms.).* 

Tbs milk treatment falls in many case s bec aus e the fact la over¬ 
looked that milk Is very poor In sodium chloride. This salt is all the 
more essential in that it takes part in the formation of the oastrie hydro¬ 
chloric add, which plays in the p r ese nt disorder a cardinal rOle as will 
he shown presently. 

The treatment of the neurasthenic form differs from the 
preceding in that the main indication is to raise the functional 
activity of the adrenal system to its normal level and thus 
increase the functional activity of the stomach and pancreas.* 
Hie treatment—dietetic and medicinal—indicated in the first 
form, is likewise of advantage here. After a week or so, how¬ 
ever, when the acute irritability of the intestinal canal begins 
to disappear, as shown by a marked diminution of the number 
of stools and of the tenesmus and general discomfort, the 
pepsin should be omitted, and a capsule containing strychnine 
sulphate, */«• grain (0.0016 gm.), and thyroid gland, 1 grain 
(0.06 gm.), given during each meal to increase the proportion 
of auto-antitoxin in the intestinal secretions.* The diet can 
then be increased gradually to the normal quantity, the patient 
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bang warned to avoid foods that produce bulky wastes, irri¬ 
tating condiments,, and alcohol, and any kind of food which he 
has found by experience is digested with difficulty. Gases in 
which there is a history of syphilis yield promptly to treatment 
addressed to this condition. High cnemata of normal saline 
solution at 104° F. (40° C.) hasten materially the curative 
process in all forms of chronic diarrhoea. 

When the general asthenia is not marked, regulation of 
the diet, the bismuth before meals and strychnine during the 
meal usually prove efficacious. The functional torpor of the 
pancreas may be counteracted and recovery greatly hastened, 
however, by administering dilute hydrochloric acid, 20 to 30 
drops in water after meals. On reaching the duodenum the 
a cid stimulates the pancreas and causes it to increase its pro¬ 
duction of trypsin. This enhances not only the efficiency of the 
intestinal digestion, but also the intracellular functions of the 
digestive leucocytes and, therefore, general nutrition.* 

The treatment of chronic diarrhoea depends upon the 
identity of the parasite, as far as local treatment is concerned; 
thus, rectal injections of quinine, 1 in 1000 solution, kill the 
* balantidium, but do not affect the amoeba coli. A solution of 
1 in 10,000 of silver nitrate used in the same manner is some¬ 
times effectual in destroying thg latter. Calomel, in small doses, 
has been recommended by several observers; It acts, as we have 
s eatij by increasing the proportion of auto-antitoxin in the intes¬ 
tinal juice, owing to its powerful stimulating action on the 
adrenal system.* 


Wa have Men that potnasinm iodide and mercury eremoet potent 
adrenal stimulants. In a ease in a syphilitic subject reported Iff 
boullet, 1 ** the dinrrhmt, which had lasted eighteen montha and re¬ 
sisted all treatments, promptlyjrldded to anti-s yphilitic measures. The 
same treatment is In reality effective Irrespective of ejphOltle dl 
ease. Its action through the adrenal system is supplemente d ^ a direct 
effect on the oigaalsms. Quincke- states that «lorol U toxlc to all 
protoaoa. Hydrochloric add has been found very useful Allen a. 
Jbaae,— Boapnalt,— Aaron® 1 and others. 
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TYPHOID FEVER. 

Synonyms. —Enteric Fever; Abdominal Typhus; Ner¬ 
vous Fever; Autumnal Fever. 

Definition.—Typhoid fever, a disease characterised by the 
penetration into the intestinal lymph follicles, and often into 
the fluids of the body at large, of the bacillus typhi or of the 
bacillus coli (when the latter has assumed virulence) and their 
toxins or endotoxins, is the expression of a reaction of the 
adrenal system, having for its purpose to rid the body of these 
pathogenic germs and their poisons.* 

Symptoms.—The incubation period lasts generally two or 
three weeks, occasionally less. The symptoms appear gradually, 
beginning with a feeling of weariness, slight nausea, loss of 
appetite, sometimes diarrhoea. The tongue becomes coated, 
the expression dull. Pain is often present as headache, and in 
the back and legs; in the head and neck it is sometimes so 
severe and persistent as to resemble that of meningitis. The 
rise of temperature is usually gradual, sometimes sudden, to 
reach 108“ F. (38.9° C.) or even 103“ F. (39.5° C.) by the 
time the disease is well started. Chills of varying severity, fol¬ 
lowed by sweatB, are not unusual. At the onset, delirium and 
bronchitis may also be seen, the latter especially in children. 
In the pneumonic and ratal types of typhoid, the nature of the 
disease is likely to be marked for some days by evidences of 
pneumonia or acute nephritis; at the end of this period the 
diagnosis is warranted if fever is observed to continue. 

The disease is generally considered to have begun when 
the patient is obliged to take to bed. From this time on it is 
found convenient to summarise the symptoms as they occur in 
successive weekly periods. 

First Week .—The pains already mentioned persist. The 
intellect is generally blunted, but this is not an infallible sign. 
Wakefulness is sometimes met with, but there is usually no 
delirium in the first week. Fever continues, and the skin is 
hot and dry; a diffuse erythematous rash may appear. The 
daily temperature shows a slight rise from morning to even¬ 
ing; it also rises gradually throughout the week. The pulse 
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shows greater frequency, leas marked, however, tlian the tem¬ 
perature rise; it is easily compressed and often dicrotic. 

Near the end of this period, spots of a rose color appear on 
the skin, usually* on the abdomen. They number usually not 
more than twenty or thirty, except in those cases where the 
distribution is widespread. Other symptoms include w«mw, 
disinclination to take solid food, white furred tongue, diarrhoea 
(occasionally constipation) and slight cough. At the end of 
the week the spleen is found to be enlarged, but it is rarely the 
seat of pain. The urine is usually lessened. 

Second Week .—The symptoms become more severe. There 
is rapid loss of strength. Dullness of countenance and apathy 
increase, until the face bIiowb little nr no expression; deafness 
is an additional factor. The headache slowly disappears, and 
is replaced by delirium of variable severity, more apt to be of 
a quiet, muttering character than otherwise. The rose-colored 
spots appear on the abdomen and chest in successive crops, each 
lasting three or four days, and leaving a slight discoloration of 
the skin. The temperature remains high and may rise above 
that attained in the drat week; diurnal variations continue. 
The height which it reaches affords commonly, but not invari¬ 
ably, an indication of the severity of the case. The pulse-beat 
shows a rise in frequency, but usually does not exceed 100 until 
the latter part of the second week. The firet sound of the 
heart is perceptibly lowered in volume, and congestion in the 
lungB may appear as an evidence of cardiac weakness. Moist 
and dry idles may be heard. The tongue again has a white, 
furry coat; later this disappears, leaving the tongue bare and 
red, with a tendency to become dry and cracked. The lips are 
similarly affected. Commonly the mouth contains mucus, which 
renders it -sticky and hinders mastication, and provokes thirst, 
while the gums and tongue are apt to bleed. The stomach is 
less irritable’ than during the first week, but in general nau¬ 
sea and anorexia persist. The abdomen is now found to be 
tympanitic, owing to the accumulated gases resulting from fer¬ 
mentation and the inability of the weakened muscular layer 
to drive it out. Constipation may occur, but more commonly 
there are numerous dianboeal evacuations, ochre-yellow in 
color, copious, liquid, with shreddy matter and offensive odor. 
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Iii these stools the bacillus of typhoid can be detected in the 
course of the second week. Death occasionally occurs toward 
the end of this period, owing to perforation of the intestine. 

Third Week .—Muscular weakness and emaciation hare 
become marked. Delirium is continued, depending in severity 
on the individual. In the severe type it may be -replaced by 
coma vigil and subsultus tendinum. Staring eyes and flushed 
skin give the face a peculiar expression; the patient is no 
longer conscious. The rose-colored spots continue to appear. 
Bepeated sweats occur at this stage, in a few cases earlier in 
the course of the disease. They are followed by eruption of 
small, temporary vesicles or sudamina. The temperature con¬ 
tinues high, but with more considerable remissions, the morn¬ 
ing and evening determinations differing sometimes by three 
or four degrees. The pulse is now found to be more frequent 
and small in volume. The cardiac first sound is markedly 
weakened. In bad cases breathing may be shallow and 
hastened. 

Diarrhoea is continued and may be severe; large numbers 
of bacilli are present in the stools. Sometimes the stomach 
remains irritable, and the resulting insufficient nutrition 
causes the patient to become exhausted. Jaundice is occasionally 
seen; with : .t is often associated epistaxis of corresponding 
severity. In such cases the Btools are dark colored and the 
urine contains albumin. Thrombosis of the veins is not uncom¬ 
mon and usually occurs in the legs. Dilation of the heart 
from degeneration and weakening of the musculature should 
.be watched for; the first sound is decreased and the second 
pulmonic accentuated. The quantity of urine is now greater, 
and its toxicity remains high, particularly when treatment with 
cold baths has been used. Typhoid bacilli are found in the 
urine in twenty-five per cent, of all cases. 

At this stage perforation and haemorrhage are "Commonest. 
These are favored by the accumulation of gas in the bowel. 
Hemorrhage occurs in about 6 per cent, of the cases and is 
fatal in one-third of this number. It may be gradual and slight 
in amount, or sudden and voluminous. The sy mp to ms, which 
sometimes appear before h a em o rr h age has occurred, include 
lowered temperature, odd skin, weak and frequent pulse. The 
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likelihood of fetal result is indicated by tho degree of prostra¬ 
tion of the patient In general, the loss of blood is followed 
by c essa tio n of delirium and return of consciousness. Fein is 
present in some eases of haemorrhage. 

Perforation of the intestine is accompanied by a fall in 
temperature, also by a cold skin and increased pulse-rate, as in 
the case of hsraorrhage. There is sudden pain in the belly, 
in most cases; the abdomen is at first tense, but soon shows 
swelling from the escape of gas from the gut The face has 
a pinched expression, and the rate of respiration is increased. 
Yomiting is not uncommon. The urine may be lessened in 
amount Death almost invariably follows perforation, either 
at once from collapse, or in the course of a few days from 
peritonitis. Perforation and peritonitis sometimes follow 
hemorrhage, but it may occur without perforation. Death can 
result from complicating inflammations in various portions of 
the body, commonly in the lungs. This may occur in cases 
otherwise apparently mild. 

Fourth Week .—In this period the symptoms usually 
diminish in severity, and convalescence begins. Sweats are 
likely to persist. The temperature gradually falls and becomes 
intermittent, being normal in the morning and rising again in 
the evening. Additional elevations may be noted as the result 
of excitement, exertion, or mistakes in diet. The pulse-rate 
usually subsides to normal, but may remain high for some time. 
Evidence of continued cardiac weakness is sometimes seen in 
cedema of the lower extremities, and thrombosis of the veins is 
common in this stage. Boils and bed-sores may occur, and the 
hair has a marked tendency to fall out. Inflammation of the 
bones is not unusual in the young during convalescence. 

In more serious cases of typhoid, the symptoms may con¬ 
tinue through the fourth and fifth weeks. Sometimes the tem¬ 
perature may show irregular and rapid rises and falls of wide 
range. Emaciation and weakness are marked in these prolonged 
eases. The pulse becomes very weak, and the sphincter muscles 
lose their tonicity. Death may occur from perforation, exhaus¬ 
tion, or cardiac failure. 

Pathogenesis Pathology.—The bacilli at the typhoid 

gro u p bwlmb the colon bacillus and, whether as a result of 



1702 ENTBBNAl* BKURIONI IN FAT^OQNNMIH AND TBHATMCNT. 

rapid multiplication of the latter or of the assumption -by it 
of greater activity, it can assume the virulence of the typhoid 
bacillua irrespective of any infection, when the environment is 
suitable. In the intestinal canal, which contains constantly the 
bacillus coli communis, the condition which renders possible such 
an assumption of virulence by this germ is the presence in the 
intestinal juice of an insufficient proportion of auto-antitoxin.* 

Typhoid fever may be caused, therefore, without infection 
of external origin when, either through hypoactivity of the 
adrenal system, or through excessive utilisation of the blood's 
adrenoxidase (as during exhaustion and prolonged exertion or 
labor), the proportion of auto-antitoxin in the body at large is 
inadequate.* This accounts for the development of typhoid 
fever in the so-called "spontaneous origin” group: in troops, 
after long and exhausting marches, in the overworked and 
debilitated, etc., where there is no evidence of infection by 
typhoid bacilli of exogenous origin.* 

In the great majority of cases, however, the disease is 
caused by typhoid bacilli ingested with food or beverages, 
especially water derived from a contaminated source. While 
debilitated individuals, i.e., individuals in whom the adrenal 
system is hypooctive (and whose intestinal juice is therefore 
poor in auto-antitoxin) are more readily infected,* subjects in 
apparently normal health do not seem to he exempt. 

The close kinship between the colon bacillus and the typhoid bo- 
eillns la now generally recognised. Ohlmacher 11 * writes in this connec¬ 
tion: “One or the most significant arguments for the cloee relationship 
of these bacterial groups seems to he afforded by the now generally 
adopted practice of 'rejuvenating* bacilli of the colon group secured 
from saprophytic surroundings, as from u>ater, by growing them for 
several generations under the artificial laboratory environment before 
making physiologic differential tests.” . . . “Many of the acquired 

characteristics make a suspiciously typhoid-like behavior in a so-called 
colon bacillus.” 

Hie development of typhoid fever among troops during hard cam¬ 
paigns Involving modi fatigue, is wall known. Houston " 1 states that 
"the efficiency iff the array medical service, although high, has failed to 
p reve nt the British troops in Routh Africa from suffering from enteric 
fever to a deplorable extent.” Oonatans of Montpelier 1 * 4 showed twelve 
yean ago, that fatigue was a very Important factor In the pat ho gen e s i s 
of typhoid fever; while T. Lpgry™ concludes, with otter ob s er v er s, that 
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“orarwork, fctigiw, loss of sleep, poverty. Immoderate exerdse, play a 
vwy Important part" in the development of sporadic eaaea and epi- 


That the colon badllua may become pathogenic under the dicum- 
■e mentioned la suggested by the marked influence of general adyn¬ 
amia upon the virulence of the pneumococcus, although in the rase of 
the latter germ, the pathogenicity is due to its rapid multiplication. 

Some of fhe morbid phenomena enumerated are but 
manifestations of a violent reaction of the body's protective 
resources.* ' The fact that animals may be immunised bv 
gradually increased doses of living or dead typhoid bacilli and 
that they are now known to cause the appearance of a bacterio¬ 
lytic and antitoxic substance in their blood, points clearly 
to the identity of the organs stimulated by the typhoid toxin 
or endotoxin: those of the adrenal system, through the test- 
organ.* Hence the marked febrile process, which continues until 
the pathogenic organisms—living and dead—and their toxins 
or endotoxins are destroyed.* 

The energy with which the protective functions are stimu¬ 
lated by the typhoid toxins or endotoxins is well shown by the 
marked localised leucocytosis evoked in favorable cases.* The 
swelling of the intestinal lymphoid follicles is in fact greatly 
due to the presence therein of an enormous number of phago¬ 
cytic endothelioid cells. This is an important feature of the 
prognosis of these cases, since the efficiency of the defensive 
process depends greatly upon the power of the small and large 
phagocytes—microphages and macrophages—to offset the mul¬ 
tiplication of the typhoid germs. The importance of this fact 
is also emphasised by the identity of these follicles as liarriera to 
general* infection.* 

The p rotective vaccinations used during the wnr in South Africa 
by Sir A. E. Wright elucidated many of the above features; they allowed 
oraarly the reaction of the body under their Influence and an Increase of 
what oe terms the "bacteriotropic substances”—which, aa I have eh own, 
la composed of the aggregate of bodies which make up auto-antitoxin. 

Aa to the loeallmd IsueneytosiB, Ohlmseher 1 ” writes: "From the 
mom recent and predae histological studies, especially those fay Mallory, 
It appears that the tumefaction of the Intestinal, mesenteric and splenic 
lym pa-apparatus la due to the excessive proliferation of the phagocytic 
endothelioid cells arising from the lymph-spaces, lymph-vessels and endo¬ 
thelial layers of the Mood-vessels. These cells are diffusely scattered 
throughout the swollen follicles and glands in immense numbers, or ac¬ 
cumulated In lugs groups, and they manifest pronounced phagocytic 
aethrtty, aa well aa multiplication or retro g r es si ve changes." 
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If the phagocytes—both hiiiuII and large, the latter (the 
macrophages) ingesting the former when bacteria-laden— 
succeed in ridding the lymphoid follicles of the pathogenic 
germs, a feature of the average case which occurs about the 
eighth or tenth day, resolution occurs. The amoeboid cells 
collect the local detritus and remove it and the lymphoid ele¬ 
ments resume their normal functions. 

When, however, such is not the case, both the small and 
large phagocytes, cither because of excessively rapid multipli¬ 
cation of the bacilli, or inability of the phagocytic cells to 
digest them* (through deficiency of the digestive agent—the 
auto-antitoxin—they contain), and also the epithelial elements, 
become necrotic, and sloughing occurs; a grayish mass of cel¬ 
lular detritus is then formed which becomes detached. This 
usually carries the case to the end of the third week. The de¬ 
tached slough leaves a dangerous feature of the lesions, how¬ 
ever, viz., a round or elliptical ulcer occupying a solitary follicle 
or a portion of a Pcyer's patch which may reach down to the 
muscular layer and even through to the serous coat. It may 
sIbo give rise to intestinal hemorrhage, owing to erosion of an 
artery or vein; or perforation of the intestinal wall may 
he followed by peritonitis, a condition which may also be 
brought about by extension of the inflammatory process in the 
lymphoid tissues. 

Resolution of the ulcerated areas begins—provided the 
reparative functions be adequate—as soon as the slough has 
fallen off, new epithelium growing into the area from iter peri¬ 
phery. Fortunately, the cicatricial tissue formed is longitudin¬ 
ally disposed, and does not, therefore, tend to cause constriction 
of the corresponding portion of the intestinal canal. The 
healing process terminates the fever. 

This differs only from the usual version In that the all-importance 
of the phagocytes Is emphasised. It is not deemed necessary, therefore, 
to adduce evidence. 

Treatment. —The cardinal indication suggests itself in the 
light of the foregoing facts, viz., to enhance not only the bac¬ 
teriolytic powers of the blood as soon as possible, but to charge 
it simultaneously with thyroidase (opsonin) in order to sensi- 
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tlzo the bacteria and activate llicir ingestion and digestion by 
the phagocytes.* 

The first step in this direction is accomplished by admin¬ 
istering—when the patient is first soon, mul even where the 
diagnosis is not certain —calomel in 5-grain (0.3 gin.) doses 
every three hours until green liquid stools occur. Biliverdin, 
which gives the passages this color, being mainly coni]Miscd of 
reduced adrenoxidasc,* these stools indicate that an active bac¬ 
teriolytic and antitoxic process has been provoked lioth in the 
liver and intestine. It does not show, however, that the latter 
has been rid of the pathogenic genus it contains,* and inasmuch 
as dead typhoid bacilli arc pathogenic, the intestinal canal 
should be cleared of them by provoking a flow of intestinal 
fluid (which contains auto-antitoxin) through it, by incanB of 
a saline purgative—cither a bottle of ritraic of magnesia or 
a dose of Epsom salts. Violent saline purgation should ho 
avoided, however, since it depletes too freely the blood of 
scrum and of adrenoxidasc, and reduces, therefore, its defensive 
properties.* 

Calomel has an excellent record in tlie treatment of typhoid fever. 
Liebormeister, Bouchard und other equally prominent authorities hnve 
placed it first in the lint of our resource*. It has also formed the founda¬ 
tion of variona methods which hnve shown a low mortality, even though 
its afreets were hanqiered l»y the addition of intestinal “antiseptics” and 
other' injudicious combinations. 'Hie value of Kalb's method to abort 
typhoid fever by mercurial inunctions in eases seen licfore the ninth day, 
was confirmed by Bartlett"’ and others. In Bartlett's eases the teni- 




had disappeared by the sixth. J. P. Wilson" 1 treated systematically 
lira cases by means of hypodermic injections of calomel. The rases were 
all severe, and all recovered. Three of them ran an exceptionally favor¬ 
able course. The author concluded that calomel thus introduced into 
the organism exerts a decided therapeutic influence in ameliorating the. 
symptoms and in modifying the temperature range in enteric fever. 
Andrievsky"* conducted a series of experiments to determine the value 
of calomel. In 71 rases calomel was given in a dose of 30 grams (4 gr.J 
thrice daily, while for the purpose of comparison quinine was given in 
the same doses in 40 other cases. The patients in tlie first group con¬ 
tinued to take the calomel till their evening temperature became normal; 
this result was obtained after a total amount of the drag, varying from 
8 to 20 grams (2 to S drachma), had been taken. Stomatitis never 
occurred, nor was diarrhoea aggravated. The disease in all these patients 
waa mild in type and often aborted. The fever abated more quickly, 
and the mortality (2.82 per cent.) was less than in the ra s es treated 
with quinine. Mo patient who waa put on the calomel treatment within 
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the first week, of the illness, died. After using It In 80 eases, C. H. 
Lewie™* oonolnded .that oalomel wee the most useful agent at our 
disposal. Bettman, m who concludes In the same vein, gave calomel 
hourly in Vsfndn (0.0050 gm.) doses as much as twelve days before 
salivation appeared, a sign that these esses show considerable toleration. 
Haskett,*” who regards mercury as a specific In typhoid fever (blue mass 
to point of toleration and an alkaline every morning), reached a similar 
conclusion. A large number of authors recommended calomel. 


The larger preliminary doses and the saline purgative 
should be followed by small doses, V 10 grain (0.0066 gm.), of 
calomel every three hours to sustain and enhance the functional 
activity of (he adrenal system.* This may be .continued until 
salivation appears, "when the intervals between the doses may be 
increased sufficiently to keep its action just within this symp¬ 
tom, which shows that the limit of safety has been reached. 

The second indication, namely, to sensitise (opsonise) the 
bacilli and facilitate their ingestion by phagocytes, is not sat¬ 
isfactorily met by mercury;* it must, therefore, be brought 
about through another agent such as thyroid gland, which con¬ 
tributes thyroidase (opsonin) to the blood.* ItB use with mer¬ 
cury would offer some danger, however, since it might coincide 
with the presence of an amount of thyroidase almost sufficient 
to Bensitise the depressor nerve and thus inhibit the functional 
activity of the adrenal system*—an undesirable result. Iodine 
and the iodides are preferable. Given with mercury, % grain 
(0.033 gm.) of iodine and 6 grains (0.3 gm.) of potassium 
iedide night and morning, are sufficient to insure adequate 
sensitization of all pathogenic elements.* In cases in which the 
mercurials cannot be used, iodine and the iodides can be used 
alone, as shown below. In that case, however, thyroid gland 
will prove more active, 1 grain (0.06 gm.) three times daily 
being sufficient to increase markedly the blood’B defensive 
properties. 


Iodine, recommended by Bauer In 1840, hu likewise been consid¬ 
ered a “specific” in typhoid fever. KUeteeh,*” for example, after using 
a combination of potassium iodide and iodine In 81 mens, had but two 
deaths, one caused by perforation due to a dietetic error, the other 
from meningitis. These results wen obtained during an epidemic, and 
wen considerably better than those obtained by him durum the same 
epidemic in 40 eases treated by the standard metho d -cold bans. Oavasr 
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Hal 1 * 1 repor te d 82 auses. Ho bcpu with a nbml purg^ followed It 
up with sulphate of sodium and than the iodine, giving twenty drone 
(adults) of a solution containing 7% grains (OJI gm.) of iodine, 70 
Crains (4.0 gm.) of potassium iodide. In divided doeee daily. He found 
that this treatment not only gave better resulte than any other, but that 
the complications were less frequent, that the temperature was rapidly 
reduced and finally that the convalescence period was considerably 
shorter than la usually the case. Ceriolo,™ who practices In a region 
in which the disease Is endemic and always severe, states that since he 
has been using Iodine systematically, all nla cases remained mild—even 
those which had shown a stormy onset. 

A method of the utmost importance in typhoid fever, as 
in all febrile diseases, is the use of saline solution from the 
outset to preserve the osmotic properties of the body fluids, 
and, therefore, the efficiency of the defensive functions.* Even 
though the blood be rich in auto-antitoxin, abnormal viscidity 
of the blood itself, and especially of the lymph, prevents its 
action on germs and the poisons derived from them. The reader 
is referred to the general article on page 1367 for the necessary 
details. 

The diet though nutritious and sustaining should provide 
for the fact that the intestine is the scat of lesions which render 
the use of foods that impose physical irritation or undue peris¬ 
taltic action npon the organ dangerous, in that they tend to 
promote local complications. 

The prevailing custom Is to await homorrlisge or the practical 
oollapse of the patient before using the saline solution. As shown in the 
article referred to, this is baaed upon the prevailing lack of apprecia¬ 
tion of the Importance of the inorganic salts upon all functions, and 
particularly upon the defensive functions. Acting upon my conclusions 
to this effect, published in 1803, Todd"* used saline solution from the 
outset and found that it kept the tongue moist—the dry, parched tongue 
indicating deficiency of fluida and alkaline salts—and that the course 
of the disease ms generally improved. The important feature of his 
observation, however, ia that he found that saline beverages proved as 
effective, used in the following way: Ten grains (0.6 gm.) of sodium 
chloride and 8 grains (0J gm.) of potassium bicarbonate added to H 
ounces (230 gm.) of water; a toaspoonful of lemon julee Is added, 
which produces a mild effervescence and renders the drink very palatable. 
J. Madison Taylor found that the ordinary decinormal gave equally 
satisfactory multa used as a beverage. The cardinal Indication la to 
Insure an adequate Intake of this fluid to replace as much as needed of 
the half-ounce (IS gm.) of sodium chloride voided every day with the 
urine and other excretions, sad which is not replaced when the diet is 
low. 
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As to the use of cold baths, they an not necessary if the 
foregoing meesaiee ere carried out Sponging is useful, how¬ 
ever, when the temperature—a manifestatidn of the curative 
proceea—exceeds 103* F. (39.6* G.), to enhance the dissipa¬ 
tion of heat from the skin. 

Cardiac failure which usually occurs late in the disease and 
even during convalescence, and is attended by increased prostra¬ 
tion, low blood-pressure, hypothermia, sweating and weak, rapid 
and even irregular pulse is in reality due to adrenal failure. In 
such cases, an intramuscular injection of 8 minims (0.6 gm.) 
of adrenalin 1 :1000 solution, repeated as needed often saves life. 

If hemorrhage occur,.the aim should be to cause constric¬ 
tion of the intestinal arterioles;* we have seen that morphine 
produces this effect Its value is shown by the fact that it is 
generally employed in this identical condition. Constipation 
is best met by means of large enemas of warm saline solution. 

Prophylaxis.—The influence of excessive fatigue, a predis- 
“poeing cause in the* epidemics observed in troops during ardu¬ 
ous campaigns,* should be borne in mind, in view of the like¬ 
lihood' that the bacillus coli can assume the virulence of the 
typhoid bacillus.* Proper periods of rest and increased trans¬ 
portation facilities will obviate this danger. An important 
feature of this question is that "excessive fatigue” means in 
this connection, abnormal consumption of adrenoxidase, nudeo- 
proteid and of the symogens which jointly sustain metabolism 
—the identical substances of which auto-antitoxin is composed.* 
The use of agents such as quintas or coffee, which stimulate the 
adrenal and vasomotor centers, is therefore indicated.* Prophy¬ 
lactic vaccination during the World War reduced the incidence 
of typhoid fever in troops to a negligible proportion. In the 
French army two injections per man reduced it to 0.3 per 
100,000 men. This is due from my viewpoint, as we have seen, 
to stimulation of the endocrines. 

In civil life, thyroid gland, 1 grainr (0.06 gm.) and quinine, 
8 grains (0.13 gm.) may protect, when there is a likelihood of 
infection or even when the premonitory symptoms of the disease 
have occurred. Thyroid gland, by increasing powerfully the 
bacteriolytic power of the blood, and quinine hydrochlorate, 



ttpboid ram lffl 

by driTing fte Uood tmrudi ctpilliriei, cun the inteitinil 
muoott ud iti lymphoid (ids to become ompted with 
blood rich in protects properties while the digeitin utility 
of the phigocytei ie ik bcreued. M the blood and iti celLi 
being Me tolly (applied vith ftjnidue, pethogeuic gene 
in readily eeniitind, fhv augmenting greatly their ruber- 
ability to deatraetioe by toe phagocytes. 

JoAm end the Mitot eon aim be combined with quinine, 
preferably toe pm hj/MImk None of the o^ier egents 
oi our pharmacopeeia in inllidently active to afford idequite 
protection.* 





CHAPTER XXXI. 


THE INTERNAL SECRETIONS IN THEIR RELATIONS 
TO PATHOGENESIS AND THERA¬ 
PEUTICS ( Continued ). 

THE ADRENAL SYSTEM IN DISEASES 07 THE BLOOD. 

The pathogenesis of the "amentias” is considerably eluci¬ 
dated by the views and evidence I submit in the present volume. 
In true anaemia, the fact that the adrenal system governs the 
proportion of adrenoxidase—oxyhemoglobin—that the blood 
contains, at once imposes itself as an important feature of the 
problem, especially in view of the purpose I have ascribed to 
the iron-laden hiematin, viz., to anchor this oxidizing substance 
in the red corpuscles pending its distribution to the tissues. 
The pathogenesis of the disease, as I conceive it—absence of 
iron to hold the oxyhaemoglobin (adrenoxidase) and insuffi¬ 
ciency of the latter through depressed activity of the adrenal 
system—becomes self-evident. In pernicious ansemia, the exag¬ 
gerated hasmolysu finds as ready an explanation in an excess 
of auto-antitoxin in the blood through overactivity of the 
adrenal system, excited by autotoxins derived from food and tis¬ 
sue-wastes. In chlorosis we have a more complicated order of 
phenomena: marked hypoactivity of the adrenal system, and, 
as a result, general vasodilation and ischseinia of the peripheral 
vessels. The general vascular relaxation entails another import¬ 
ant pathogenic feature, however: inadequate circulation of the 
blood in the hepatic capillaries, and therefore imperfect assimil¬ 
ation of iron, a function in which the liver plays a cardinal rflle. 
Finally, in hemophilia, we have an example of congenital hypo- 
activity of the adirenal system. This entails a constant defi¬ 
ciency of adrenoxidase in the blood, and since adrenoxidase is 
the fibrin ferment, the ooagulative properties of the blood are 
very deficient; it preserves its fluidity even when a vessel is 
ruptured therefore, and flows from the vessel as if it were water. 

(1770) 



ANOSMIA. 


1771 


ANJCMIA. 

Definition. —Anemia, a disorder characterized by pallor, in 
which the red corpuscles may or may not he destroyed, may be 
brought on fay several morbid conditions, the most prominent 
of which are: a deficiency in the corpuscular luemntin, of the 
iron which anchors the adrenoxidasc (oxyhemoglobin) in the 
red corpuscles pending its distribution to the tissues; hvpo- 
activity of the adrenal system and the resulting general vaso¬ 
dilation, a condition which entails an accumulation of blood in 
the splanchnic area and isducmio of the cutaneous capillaries.* 

Symptomatology, Pathology and Pathogenesis. —Home pal¬ 
lor of the skin and mucous membranes, with perhaps slight 
dyspnoea, and a tendency to liecome fatigued without undue 
exertion, constitute the entire symptomatology of mild cases. 
In more advanced or grave cases, the pallor may become very 
marked; the mucons membranes, especially those of flip ranees 
and gums, being almost blanched. There is mental ami physical 
depression and a marked tendency to indolence. “Palpitations,” 
faintness, irritability, neuralgia, anorexia, indigestion, dyspntra 
on exertion, headache, disorders of menstruation, and constipa¬ 
tion are common phenomena. There is general hypothermia 
of the periphery, the hands and feet being usually cold. The 
pulse is often rapid, large and soft, though no fever l»e pres¬ 
ent. The specific gravity of flic urine is low. and the urea 
excreted may be considerably lielow normal. (Edema, especially 
of the ankles, is occasionally observed. Physical examination in 
severe cases usually elicits the fact that the heart is dilated, 
and a venoua hum in the veins of the neck, coupled with a sys¬ 
tolic bellows murmur over the carotid arteriea, is frequently 
heard. In some instances, a systolic murmur may be detected 
over the aorta and pulmonary artery. 

These phenomena may be said to represent the aggregate symp¬ 
tomatology—as to main signs—of the various forme of benign aiuemia. 
In eomeiiiBtaMee but few of these eigne appear; in others the entire 
symptom-complex la very marked. 

Examination of the blood may reveal no diminution of the 
red corpuscles, or of the hamoglohin. But this is a spurious or 
psoudo-anamia, the result of relaxation of the vascular system 
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and accumulation of the Wood in the great central vessels at the 
expense of that in the peripheral capillaries. This condition, 
due to depression of the vasomotor center, such as that produced 
by chloral, the bromides (q.v.), etc., is generally observed in 
nervous disorders, in new-comers in tropical countries, and artee- 
riosclerosis and other conditions. 

Ehrlich and Lutnu* define anaemia aa “a quantitative and quali¬ 
tative diminution of the amount of blood." Tula definition doee not 
Include, however, a morbid condition which explalna many caaea of 
benign amcmia we meet in practice, i.e., thoae due to an aocumulation 
of mood in the greater central blood-ahannels, a condition which, by 
depleting the peripheral capillaries, provokes pallor. Under the notion 
“Local Anemia," Osier, 1 for instance, states that “local umla of the 
brain, causing swooning, ensues when the mesenteric channels, capable 
of holding all the blood of the body, are wide open." Vasomotor relaxa¬ 
tion alone accounts for this and the sudden pallor that attends swoon¬ 
ing proves that chronic depletion of the cutaneous vessels may be a 
cause of chronic pallor, which may be, and often 1% taken for true anmia. 
Indeed, several other characteristic symptoms of true anemia may 
appear; thus dyspncBS may result from the fact that the capillaries 
of .tiie air-cells likewise fail to receive sufficient blood to satisfy the 
nedds of the body, aa emphasised by J. H. White. 1 The irritability so 
often observed in aiuemies finds an explanation in the fact that auto- 
toxins accumulate in neural elements, including thoae of the brain, when 
the oxidation processes therein are slackened. The increase of cardiac 
dullness which denotes dilation, a symptom upon which F. Mailer* lays 
stress, may likewise be caused fay diminution of the blood supplied 
to the myocardium. Cohnsteln ana Zunts* long ago attributed to vaso¬ 
motor narrowing of the peripheral vessels the marked fluctuations in 
the number of red cells so often observed. This undoubtedly accounts 
for the observation of Foktowsky* that the first dose of Iron (which, 
we have seen, stimulates the vasomotor center) sometimes causes a rise 
of temperature—which would mean, in the light of the foregoing data, 
that the peripheral capillaries become richer In arterial blood. 

Anosmia due to insufficient food likewise belongs to the 
category of pseudo-anemias.* The red corpuscles not only fail 
to become reduced in number during periods of experimental 
starvation, but they are sometimes increased. The percentage 
' of leucocytes, however, may be considerably reduced, owing to 
the absence of the periodical leucocytosia connected with diges¬ 
tion and inadequate nutrition of the leucocytogenic organs.* 
Since the salts of the blood, especially sodium chloride, are 
obtained from food, they are also deficient; the albumins 
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are likewise diminished for the same reason. The hypothermia, 
coldness of the extremities, etc., observed in those eases indi¬ 
cate that, as in the group reviewed above, there is not only 
deficient general oxygenation—owing to the depressed condition 
of the adrenal center—but also depression of the general vaso¬ 
motor center and recession of blood from the periphery to the 
great central mesenteric channels.* 

Senator and Mflller* observed in the fasting subjects, f’etti and 
Breithanpt, that in the former the number of red corpuscles was in¬ 
creased 1,000,000 after ten days' fast, while the leucocytes decreased 
from 12,000 to 4200. Referring to this and other experiments, Lazarus 1 
says in tola connection, “from exact experiments on man and animals, 
therefore, the conclusion can be drawn that audden absolute withdrawal 
of nourishment is not capable of producing an amentia." In the course 
, of his remarks on the influence of insuflieient food, he also states: 
“Sahll first, after him Louche, Oppenheiiner and others, demonstrated 
that individuals with very pale skin and mucous membranes frequently 
showed a normal percentage of luemoglobin and a normal number of 
corpuscles.” 

In the toxic anemias, t.e., those due to various potions and 
to bacterial toxins, the vasomotor renter is likewise depressed.* 
To this category belong the amentias observed (1) in workers in 
lead and arsenic, (2) in chronic alcoholism and the excessive 
use of tobacco, (3) syphilis, malaria, malignant tumors, diph¬ 
theria, tuberculosis and helminthiasis. 

In this group of anaemias, however, another morbid factor 
asserts itself, namely, deficient functional activity of the adrenal 
center, which entails a corresponding deficiency of adrenoxidase 
In the blood.* Adrenoxidase being fibrin ferment,* the coagula¬ 
tion period of the blood is lengthened. The diminution of adren¬ 
oxidase causing the quantity formed to be utilised by the blood 
itself and the tissues with unusual rapidity,* the red corpuscles, 
its carriers,* become more or less reduced in size (poikilocy- 
toais) because they are inordinately depleted. As adrenoxidase 
is likewise the albuminous constituent of the hasmoglobin mole¬ 
cule,* the luemoglobin is reduced (oligochronuemia), hut less so 
usually than the red corpuscles themselves; since the adrenoxi¬ 
dase is continually being reformed through the adrenals,* while 
the red cells are diminished pathologically. The reduction of 
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the red eorpueclee (oligocythemia) is a normal result of the 
deficiency of adrenozidaee—the bone-marrow being inadequately 
nourished,* the genesis of the cellq is correspondingly inhibited. 
The same morbid-influence naturally impairs leucocytogenesis ;* 
if, therefore, the blood is examined between the postprandial 
periods of leuoocytosis,* the relative percentage of leucocytes 
is found reduced. When this is marked, the postprandial leuco- 
cytosis is also unusually low and less food, including blood-salts, 
being taken up from the alimentary canal,* the alkalescence of 
the blood is deficient This is shown by the increase of the 
blood-platelets,* a concomitant phenomenon. 

The familiar paralytic phenomena of chronic lead-poisoning clearly 
point to the impairment of nutrition caused by lead, a function gov¬ 
erned, we have seen, by the vascular and adrenal systems. As to arsenie, 
ample evidence has been submitted showing that It Is the physiological 
antagonist of thyroidase which upholds the functional efficiency of the 
adrenal center. Aa to Its Influence on the vasomotor center, H. C. Wood* 
states that ‘‘arsenic greatly lessens the rate and force of the pulse-beat 
and markedly lowers the blood-pressure.” Chronic mercurial poisoning 
provokes symptoms similar to those of lead, hut as we will see, the 
annals here is due to hwmolysis. 

Aa to the rOle of the vasomotor and adrenal systems In the ane¬ 
mias due to various toxins, Grawits** has shown that extracts of ma¬ 
lignant growths do not, when injected into the blood, affect the red 
corpuscles or the hemoglobin directly, thus proving that the m—iI» is 
due to some indirect Influence. The Identity of the organ upon which 
this influence is produced la well shown by the observation of Loeb and 
Smith, u that the cephalic portion of ankylostoma contains a substance 
which inhibits coagulation. Aa adrenaxidase ia the fibrin-ferment^ the 
depressing action of the toxic substance on the adrenal center Is self- 
evident. in the light of this fact and others previously submitted, the 
sequence of events recited above assumes a normal aspect. 

The anemias due to haemorrhage following injuries, or from 
the lnngs, stomach, intestines, uterus, kidneys, and raptured 
aneurism, lesions of intestines due to parasites, violent epistaxis, 
or occurring in the course of purpura, scurvy, etc., are marked in 
proportion as the blood lost daring a given time is great! The 
anemia is rapidly developed, the face bring blanched if the 
lose is groat. This ia promptly followed by groat muscular 
weakness, weak and rapid pulse, cold sweats, coolness, espe¬ 
cially of the extremities, dyspnoea, vertigo, f ainting , weakness 
of the voice, tinnitus, hallucinations of smell, flashes of light 
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and Anally syncope, daring which then may he delirium and 
convulsions, and Anally, death. If, however, the hemorrhage 
cease spontaneously, or be arrested before one-half of the blood 
in the body has been lost, recovery may ensue, the patient 
remaining extremely weak for some time. In less seven cases, 
two or three weeks suffice to complete the recovery, especially 
in women. 

After moderate haemorrhages the liquid portion of the 
hlood is replaced at the expense of the lymph in the tissues. As 
this liquid is serum, the cellular elements are alone reduced, 
the red cells numbering as low as 2,000.000 in these cases and 
below 1,000,000 after severe hemorrhages, though the leuco¬ 
cytes, which an produced with great nlative rapidity,* may 
be somewhat increased. Water being simultaneously absorbed 
from the alimentary canal in the more seven cases, the inenase 
of both Auids in the blood is mon rapid than that of the cells 
and haemoglobin; as the case progresses, thenfon, examina¬ 
tion of the blood may suggest an unfavorable course, i.e., that 
the cells and haemoglobin an steadily nduccd. This phenome¬ 
non is but a temporary one, however; after a few days the tide 
turns and uninterrupted recovery follows. This is mainly 
because the adnnals, of all organs, seem alone to continue their 
important functions. uninterruptedly.* Proof of this is af¬ 
forded by the facts that the blood becomes much mon coagulalilc 
immediately after bleeding and that the blood-platelets an also 
greatly increased. Both the blood-platelets and the fibrin fer¬ 
ment being adrenoxidase, the manner in which the coagulability 
is increased is obvious.* The nlative paucity of red corpuscles 
causes some, at least, of these cells to absorb an unusual propor¬ 
tion of adnnoxidase and they appear swollen.* In most eases, 
however, their size is somewhat reduced; they an paler than 
usual, and many of them an nucleated. 


The leucocytoels thst attends the digestive process, inflammatory 
etc.. Indicates that a groat relative genesis of these Mils can 
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pndialy what ooeun .whan thyroid extnot Is ri ron, and that tha in¬ 
crease of coagulability la dua to an lnoreaaa of fibrin-ferment, Le., of 
oarldaaa, In the blood. The faet that the fibrin ferment (adranosldaaa) 
and the blood-platelets are Identical substances, is further sustained by 
the ■AJitimai etatement of Ehrlieh and Tarn rue that, aa obeerved by 
Hayem, “the blood-pisteleta are markedly increased In post-hwmor- 
rhagle anatnia”—concurrently, th e re f ore, with tha lncreaaed ooagulatlng 
prop er ti es of the blood. 

Another important cause of anaemia, especially among the 
poor, is the use of food deficient in iron t as the only nutriment, 
milk, bread, rice, potatoes, etc. The hemoglobin percentage 
not only fluctuates according to the quantity of iron in the food, 
because this metal ia the fundamental constituent of hasmatin 
- (the coloring-matter of hemoglobin), but also because it serves 
as binding agent between the hematin and the adrenoxldase 
(the albuminous portion of the haemoglobin molecule) as the 
latter is being formed in the lungs.* .Besides this cardinal func¬ 
tion, iron ia an ubiquitous component of the chromatin of 
nuclei, the living portion of the cell.* Hence it is also found in 
nucleo-proteid, the food-product from which the structural 
components of both haemoglobin and chromatin are derived. 
Food deficient in iron produces anaemia, therefore, by reducing 
the proportion of hemoglobin built up in the body; moreover, 
it inhibits general nutrition by impairing the molecular struc¬ 
ture of the living substance of the tissue-cell.* This form is 
mainly observed among subjects who are deprived of meat and 
fruitj which contain enough iron to satisfy the needs of the 
organism. 

Verdell, In 1840, showed that the blood-ashes of dogs fed on 
bread showed considerable less iron than when they were fed on rich 
meat diet. Von Hflelin found that a diminution of iron in food and not 
of the albumin altered the co m position of the blood, and particularly its 
luemoglobin, an observation confirmed by Bunge, Kunltel and others. 1 * 
Bunge** and HSusermann u also showed that very few articles of food 
(egg-albumin, rice, pearl-barley and wheat flonr) contained leas iron 
than milk, i.e. 3 S.S milligrams co 100 grams, a fact recently confirmed 
by Sehmsy.** In the earn of an adult who lived exclusively on milk, 
o b se r ved by Hlnsermann, the number of corpuscles was normal, but tha 
percentage of hwmoglobin was reduced to 60 per cent. 

That the chromatin (living substance*) of nuclei contains iron 
was shown by Bunge and MaealTum” in animals sad plants, tiwiirih| 
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UlOMt of course, which an used aa food*. But thia fact In itaclf proves 
that our own chromatin containa iron, and that fowl deficient in this 
element muat Impair not only the hemoglobin-forming process, but also 
the vitality of our tissues—including that of all the nerve-cent er s as 
shown by experimental and clinical evidence. 

Treatment. —Iron is used promiscuously in anaemia; but 
- die foregoing groups indicate that in the majority of instances, 
its administration will prove futile unless the cause of the 
blood-disorder be eliminated. 

The only exception is the form of anamiin due to food defi¬ 
cient in iron, in which this metal, coupled with a diet richer in 
this metal than the patient’s usual food, will prove beneficial 
without other remedies. Blaud's pill, one three times daily for a 
week, then increased by. one pill daily until three pills are taken 
after each meal, and the addition of beef, eggs (the yelk of 
which is rich in iron), spinach, asparagus and fruit, especially 
apples, insure recovery, especially if the patient is able to spend 
a few weeks at the sea-shore or in the mountains. Unfortu¬ 
nately, a change of diet of this kind is inaccessible to the major¬ 
ity of cases, since this form of antemia occurs mainly among the 
poor. Here, however, Bpinach, which is twice as rich as beef 
in iron, green cabbage leaves prepared in various ways, and . 
which contain as much iron as lean Ixsef. may he added to the 
customary diet. White beans, carrotB ond wheat-hran arc inex¬ 
pensive, but contain more iron than potatoes or any of the.por¬ 
ridge cereals. Ferratin, or the dried sulphate of iron, may bo 
used advantageously in the rare cases in which Blaud’s pill is 
not well borne. 

The tincture of the chloride of iron no often need in not ■ gnod 
remedy- It tends to provoke constipation. The majority of oases in 
which Iron proves valueless are instances of erroneous diagnosis, in 
which the nnmnia is due to activj destruction of the red cells, te., 
hamolysls. Such cases may rapidly grow worse under the influence of 
iron. Barnes recommends a neutral odorless and tasteless solution ho 
terms Iron vitellin. Murrell," In a clinical study of various forms of 
iron. Including Blaud’s pill, found that the dried sulphate am the test 
raaJti among the inorganic preparations, while iron vitellin, of all the 
n nmnia preparations, not only proved the most active, but also 00 per 
ent. more so as to red corpuscles and 20 per cent, ae to hn mo globln, 
than the beet inorganic iron. 

In fhe toxic anemias, fhe first indication, of course, is to 
eliminate the causative poisons, extrinsic or intrinsic, *.e., those 
which are depressing the vasomotor and adreno-thyroid centers.* 
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In workerB In lead, potassium iodide, given in increasing 
doses after meals, and in large quantities of water, is of recog¬ 
nised value; these salts stimulate powerfully the adreno-thyroid 
center, and secondarily the vasomotor center.* In arsenic 
anemia, thyroid gland is indicated,* since arsenic and thyroid- 
ase are physiological antagonists, the latter being the normal 
stimulant of the test-organ.* In the anosmia of alcoholism or 
nicotinism, cessation of the use of alcohol and tobacco is suffi¬ 
cient, since alcohol robs the blood of its oxygen directly, while 
nicotine is a vasomotor depressant.* In syphilis, the iodides or 
mercury come first in order after thyroid extract,* while in the 
anemia due to malaria, quinine, as an active stimulant of the 
vasomotor and adrenal systems, is of especial value. 

The relationship between arsenic and thyroid extract la b aaed on 
the o b s e rvation of BSdart and Mabille,** confirmed by Evald," that the 
untoward phenomena caused by iodothyrin could be reduced and even 
prevented ny the simultaneous use of arsenie. 

In the post-hemorrhagic form, no remedies are required. 
A copious diet and fresh air soon cause the blood to resume 
its normal condition. The process may be hastened, if neces¬ 
sary, by means of small doses of thyroid gland, 1 grain (0.06 gm.) 
after each meal. 


PERNICIOUS ANEMIA. 


Synonyms. —Progressive Pernicious Anaemia; Idiopathic 
Anaemia 

Definition.—Pernicious anemia, a disease of the blood 
characterised by extreme pallor and a marked reduction of the 
red corpuscles, is due to the presence in the blood of toxic sub¬ 
stances which, by overstimulating the test-organ, keep the blood 
sufficiently overladen with auto-antitoxin to produce progressive 
hmmolysis.** . 

Symptom s and Pathology.—The most prominent symptom 
is extreme pallor, both face and body gradually a ssumin g a 
lemon-yellow tint. The yellowish color usually deepens as the 
case pro gresse s, but it may appear suddenly. In contrast with 
this hue is the blanched appearance of the membranes, the 
mouth, lips and gums. 
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The blood ia correspondingly pale and watery. Examina¬ 
tion reveals a very marked reduction of the red blood corpuscles. 
While normally the proportion is about 5,000,000 to the cubic 
millimeter, it may be reduced in this disease to below 500,000, 
and even to a lower ratio. Quincke reported a ease in whieli 
there were only 143,000 immediately before death. While the 
hemoglobin is also reduced, the ratio of this pigment to the 
blood corpuscles is higher than usual. This is an effort at com¬ 
pensation, and proves again that the red corpuscles are but 
storage cells for oxyhsemoglobin.* Many of the corpuscles be¬ 
come greatly enlarged, being then termed megalacytes. Some 
are irregular in shape, i.e„ poikilocytcs, while others again may 
be smaller than usual: microcytes; but neither of these two 
modifications of shape is pathognomonic. Nucleated red corpus¬ 
cles are almost always found, however, the normal-sired nor¬ 
moblasts, the nucleus of which is markedly stained, and the 
large megdloblasts with pale nftclei. 

The onset of pernicious anosmia is gradual and insidious. 
Weariness and weakness increase until the patient reaches a 
state of extreme debility, with marked tendency to vertigo and 
fainting. Numbness beginning at the extremities, weakness or 
absence of tendon reflexes, and paralysis are sometimes wit¬ 
nessed. Dyspnoea on exertion and sighing are also prominent 
features. And yet, no emaciation occurs. 


These phenomena are generally ascribed to a gradual destruction 
of the red corpuscles. This view w sustained and elucidated by the 
functions of the adrenal system. A connection between this disease and 
the adrenals was suggested fay Addison in 18M. 

The adrenaxidase. of which the red corpuscles are the carriers, 



body tissues, p r o gr e ss ive weakness is the most prominent sign. This 
explains also the parasthesia, loss of tendon reflex, and paralysis. The 
tendency to fainting is due to a similar condition of the brain cells. The 
dyspnma and sighing are characteristic signs of inadequate tissue a«y- 
■wstfas. The absence of emaciation is aaeribable to the fact that the 
l e u cocytes, which supply the nutrient granules to the tissues, are not 
• ■ '-ltly with the red corpuscles.* 


The eaidio-vascular symptoms are very marked. The pulse 
|a rapid and laige^ but soft, and sometimes jerky. The arteries 
and veins may pulsate and throb visibly. A loud venous bum 
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can usually be detected, with the stethoscope, in the Teasels of 
the neck. Cardiac murmurs may also be heard. The blood 
coagulates slowly. Betinal hemorrhage is frequently observed; 
epistaxis, menorrhagia, purpuric eruptions, and cerebral hem¬ 
orrhage may occur. (Edema of the ankles, face, and lungs, and 
dropsical effusions may appear at any stage. 

These are all manifestation* of two conjoined factors: general 
vascular 'dilation and the diminution, in the blood, of fibrin ferment, 
adrenoxidase. * The vascular dilation la due to relaxation of the 
muscular ooat of all vessels incident upon lowered oxygenation of the 
vessel walls. As a result, and In accord with Many's law, the pulse 
rate is increased. The relaxation of the vascular walls facilitates pene¬ 
tration of the blood-plasma wherever hypostatic congestion occurs; 
hence the oedema. The adrenoxidase being the fibrin ferment which 
converts fibrinogen into fibrin, the coagulating power of the blood Is im¬ 
paired and the na iophilic state is initiated.* This, added to the watery 
condit io n of the blood, provokes the hemorrhagic phenomena.* 

Gastric and intestinal disorders are the rule. There is in¬ 
disposition to eat and disgust for food, rather than true anorexia. 
Indigestion, nausea, vomiting, and diarrhoea are frequently ob¬ 
served. The gastric juice is generally deficient in hydrochloric 
add. 

The activity of all the gastric functions, muscular and se cretory. 
Is primarily lowered owing to the Inadequate supply of adrenoxidase, 
which destruction of the red cells entails. The pfiristaltie action of the 
walls of the stomach being Imperfect, the food undergoes correspond¬ 
ingly deficient preparatory digestion, a morbid process aggravated by 
the fact that pepsinogen, nucleo-proteld and adrenoxidase, the three 
active factors of gastric juice, are not secr e ted In sufficient quantities.* 
The deficiency of hydrochloric acid shows that such is the case. The 
concurrent relaxation of the cardiac and pyloric muscular fibers allows 
the imper fe ctly digested food to penetrate the intestines, where it meets 
correspondingly Impaired muscular and secretory functions. The suocus 
entericus is deficient in auto-antitoxin, hence the presence of gastro¬ 
intestinal disorders.* 

The liver, kidneys and spleen show an increase of inn 
pigment. In the liver it ia usually found in great quantities 
in the lobulee and the bile capillaries. The urine, on the other 
hand, may be pale, but it often' contains urobilin and is dark. 

Both tin iron and the urobilin are products of broken-down red 
corpuscles. The iron which passes to the Intestines with the bile is 
usually recovered fay the intestinal leucocytes*'and utilised in the re¬ 
construction of hemoglobin. The decrease of red corpuscles limiting the 
use of all the Iron, the surplus accumulates In tbs various oigsas' men¬ 
tioned. Considerable adrenoxidase may also be wasted; this substance 
and urobilin bring identical bodies.- it darkens the urine when oxidised, 
precisely as it doss In the skin when broaslng ooours.* 'Branring is also 
observed sometimes In pernicious ansnnia. 
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Itldogy Ud Pathogenesi*. —Repeated parturition is a pre¬ 
disposing factor in many cases, the disease being seldom encoun¬ 
tered in primiperse. Prolonged and immoderate lactation also 
appear as precursors in a small proportion of cases. Both in 
men and women, malaria, syphilis, purulent foci, especially 
pyorriuea alveolaris; septicemia, gastric ulcer, etc., arc included 
among the causative intoxications. The imperfectly digested 
food-stuffs that remain in the gastm-intcstinal canal, as ex¬ 
plained under the previous heading, or intestinal disorders pro¬ 
voked by intestinal parasites, also act as foci for a practically 
continuous auto-intoxication. 

The disease is due to the presence in the blood of any 
poisonous substance generated directly or indirectly through any 
one of these morbid conditions, and to the irritating influence 
of ftw poison upon the test-organ.* The adreno-thyroid cen¬ 
ter being overstimulated, a sufficient excess of auto-antitoxin is 
present in the blood* to destroy the red corpuscles more or less 
actively, t.e., to cause hemolysis. 


The fact that the blood contains a substance which destroys the 
red corpuscles in this disease, as shown by Bordet and also Khrllcn, who 
termed It "hwnoiyrin,” le now generally recognised. The nature of the 
substance, however, has remained obscure. -As shown above, the process 
| B readily accounted for through excessive functional activity of the 
adrenal system, the anto-sntitoxin including also, as I have shown, the 
iodine-laden thyroidase which contributes markedly to the destructive 


procett. 

The excessive functional activity of the anterior pituitary, *.r., 
of the test-organ, in this dlsefihe, is well shown by the fact that In preg¬ 
nancy—« frequent cause of the disease—the organ is always overaetivc, 
bring kept so, we have seen, by the excess of toxic wastes which the 
foetus contributes to the maternal blood. In 18»8 C5omte« wamlned 
histologically the pituitary of a number of women who had died during 
pregnancy, and found the anterior .pituitary hypertrophied to amr 
wiw This was confirmed by launol* and Mulon. Douglas Stanley* 
found marked lesions In the adrenals in a case of pernicious aiuemla. 
The siriasiTn activity of the adrenals, by causing an overproduction 
of Increases corre sp o n dingly the oxidising power of the 

bloodT In the liver, where the temperature Is higher then else where, 

tfoiiv due to a destruction of these cells In the liver. The disease was 
attributed to hamolysis by Quincke, thirty years ago, his opinion bring 
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based on tha marked accumulation of iron in the liver. Thla view haa 
been aooepted by moet observers, and is now the prevailing one, aa 
already stated. 

Treatment.—In true pernicious anemia, iron is obviously 
useless, since, it merely adds to that already accumulated in large 
quantities in the liver and other organs. 

Arsenic —-which acts by depressing the excessive activity 
of the test-organ, i.e., the adrenal system, reducing thereby the 
proportion of the auto-antitoxin to which the hemolysis is due 
—has proven of real value, but only when given in compara¬ 
tively large doses. Beginning with 5 minims of Fowler's solu¬ 
tion, the dose should be increased at the rate of 1- minim (0.06 
gm.) each day, until 30 minims (8 gins.) are administered 
three tiroes a day. It should be persisted in for months, with 
intermissions of a few days, but only if necessary; and in all 
cases its use should go hand in hand with repeated examina¬ 
tions of the blood. The recovery, as previously stated, is often 
ephemeral. The case should be closely watched at least two 
years after disappearance of the morbid symptoms, and the use 
of the remedy resumed as soon as any indication of recurrence, 
as shown by blood count at intervals, appears. Sodium caeo- 
dylate is suitable for hypodermic use, Yi grain (0.033 gm.) 
being injected three times daily. 

Tha beneficial action of arsenic is readily accounted for when its 
depressing influence on the adrenal system is taken into account, aa 
above.* BAdart and Mabllle* found that arsenic counteracted all the 
morbid effects of thyroid medication, a ffict confirmed by Kwald" and 
others. In pernicious anemia, therefore, it diminishes the production 
of auto-antitoxin and thus arrests the hemolytic process.* 

Antiseptics have been advocated to counteract the auto¬ 
intoxication engendered by the putrefactive contents of the 
gastrointestinal canal. 8alol, 10 to 15 grains (0.6 to 1 gm.). 
In capsules, three times a day, or betanaphihol, 2 grains (0.13 
gm.), in pills, twice or fhriee daily, have each given satisfac¬ 
tory results occasionally, particularly in cases in which arsenic 
could not be used, or had to be discontinued. Lavage of iko 
stomach and enemata of normal saline solution have also been 
used, mainly to remove accumulations of undigested food-staffs. - 
They do more, however; the saline solution being partly ab- 
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sorbed, the osmotic properties of the bluixl, which are impaired 
by the continuous overactivity of the adrenal system, are im¬ 
proved.* Enemata plus subcutaneous injections of saline solu¬ 
tion and arsenic are very efficient. 

Finely powdered bismuth subnitrate , in 10-grain (0.0 gm.) 
doses, twenty minutes before meals, is a far better antiseptic 
than either of the above.* It is slowly absorbed, and counter¬ 
acts gastro-intestinal irritation. If nn impure salt happens to 
be taken, the contaminating agent is arsenic—which cannot but 
enhance its beneficial effects. 

Salol on reaching the alkaline intestinal juice splits into salicylic 
add and carbolic add. The latter anosthetiscs the guslro-inteatfnnl 
mucous membrane, but, with the salicylic acid, disinfects putrefactive 
contents. Beta-naphthol also dulls the sensibility of the canal, rctarda 
digestion, acting similarly is vitro; and is likewise a disinfectant. 
Hence both remedies may aggravate the gastro-intestinal disorder, but 
their antiseptic properties prove beneficial when the intestinal contents 
happen to be very toxic.* 

As to the use of saline solution, Alex. MePhedran** relates the ease 
of a man, aged 50 years, in whom the blood-rount showed 480,000 per 
cubic millimeter; hemoglobin, 20 per cent. There was delirium, vom¬ 
iting and diarrhea. Treatment by subcutaneous injections of normal 
aallno solution on every alternate day, and the intervening of saline 
enemata, with arsenic internally. The patient, at the time of the re¬ 
port, was practically well. 

Various other sources of intoxication must be antagonized. 
The presence of pyorrhoea alveolaris, considered by Hunter as a 
prominent aonree of auto-intoxication, imposes the use of anti¬ 
septic month washes and dentifrices. Useful for this purpose, 
after cleansing the teeth, is the following preparation:— 

FI. ext. of hamamelis.3ij (8 gm.). 

Alcohol, 

Roee water, of each. Bse (15 gm.). 

Apply to the gums with a cotton wad after carefully cleansing the 
teeth following each meal. 

Some clinicians emphasize the need of rest in sn armchair 
or in bed, relapses having been known to follow fatigue, w., 
muscular exertion. A light nutritious diet is also recommended. 

A milk diet is a valuable measure in this connection. 
Practically no waste-products being formed by this food, the 
adrenal system, subdued directly by the arsenic and indirectly 
by the bismuth and the oral hygiene, soon loses its overaetivity, 

m aimMos, 
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«n<1 ceases to produce the excess of adrenoxidase to which the 
destruction of red corpuscles is due. 

G. L. Gulland" lay* special stress on diet in the treatment of 
pernicious amentia. This should be arranged with care to suit each 
case, but the broad principles are that, as long as the blood-count is low, 
it should consist entirely of milk and farinaceous food; no meat of any 
kind should be permitted. Of course, this changB of diet partly meets 
the second indication, the diminution of bacterial pro ce ss es in the in¬ 
testine. It is not uncommon to find that patients when they are first 
seen have large quantities of indtean and similar substances in the 
urine, and that after a week or two on a farinaceous diet these prac¬ 
tically disappear. 

Muscular exertion entails the production of wastes which must 
be converted in the blood into eliminable end-products. This means 
overactivity of the adrenal system and, therefore, increased destruction 
of red corpuscles.* The same untoward effect is provoked when meats 
are allowed. Their conversion into assimilable granules is imperfectly 
performed and toxic wastes also unduly excite the adrenal system, thus 
aggravating the morbid process.* 

CHLOROSIS. 

Synonyms.— Green Sickness; Chlorancemia; Chloremia; 
Morbus Virginsus. 

Definition.—Chlorosis, a form of anaemia characterized by 
a yellowish or grednish tinge of the skin, and occurring usually 
in young girls, is due to the presence of three concurrent mor¬ 
bid factors: (1) depressed functional activity of the adrenal 
system; (3) inadequate assimilation of the iron from food¬ 
stuffs; and (3) marked diminution of the iron-laden hiematin 
which holds the adrenoxidase in the red corpuscles pending its 
distribution to the tissues.** 

' Symptomatology and Pathology.—The most striking symp¬ 
tom of this disease is a yellowish-green hue of the Bkin, lips, con¬ 
junctiva and all mucous membranes, coinciding with an absence 
of emaciation. In a small proportion of cases, however, the 
blood-changes observed in chlorosis appear irrespective of these 
objective phenomena, the face being normal as to color and 
the cheeks rosy. The patient may, in fact, show some tendency 
to adiposis. Even in these instances, however, as in the typical 
cases, there ia marked weakness, lassitude and indisposition to 
exertion. The appetite is either grektly reduced, or capricious, 
the patient longing for pickles, vinegar, etc., and ingesting such 
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articles as chalk, date pencils, soil, etc. Enteroptoais. gaatrop- 
toeis, hyperchlorhydria, gaatrodynia (due in some cases to gas¬ 
tric nicer), aim movable kidneys are commonly observed. 
Constipation is almost the rule. Dyspmea, palpitations, some¬ 
times accompanied with some irregularity in the heart's action, 
though the pulse be large and soft, are frequently noted, along 
with purely functional cardiac murmurs, usually loented at the 
base, and sometimes at the apex, when the heart is markedly 
dilated. The murmurs may often be traced up along the vessels 
of the neck. Along the course of the jugular vein, esjiecinlly on 
the right side, a peculiar venous hum, the "bruit du diable," is 
also discernible in over onc-hulf of the cost's. Neuralgia, vertigo, 
fainting, moroseness, and hysterical phenomena arc not uncom¬ 
mon, especially in young girls, who constitute the great major¬ 
ity of cases. The eyes are unusually brilliant, as in some febrile 
disorders, and the sclerotic appears bluish. Tti fact, fever is 
not infrequently observed in these cases. The menstrual flow 
is usually-scanty and sometimes suppressed, but in a large pro¬ 
portion of cases, there is metrorrhagia or dysmenorrhci'a. The 
urine ia of low specific gravity and deficient in urea, and is gen¬ 
erally very pale. (Edema of the fnce and ankles occurs in ad¬ 
vanced cases. Tn a small proportion of eases there is a tendency 
to thrombosis, especially of the veins of the legs, which exposes 
the patient to a dangerous complication: pulmonary throm¬ 
bosis. The cerebral sinuses may also lie affected. 

Birch-Hirsohfeld* and Kockel," according to rji»riia, n “believe 
that-chlorotic blood has a greater tendency to coagulate, and they asso¬ 
ciate this with - the increased number of blood-platelets.” Trnlm-d, we 
have eeen that adrenoxldase is the fibrin ferment, and that the platelets 
are but droplets of the former. Stengel" refers t» I^eiehtenstern's" 
study of 1058 eases of chlorosis in which thrombosis positively occurred 
only 11 times, and “probably in a mild form In a few other instances.” 
Thrombosis is evidently a rare complication. 

In typical cases of chlorosis, the red corpuscles are not 
diminish ed to any material degree, the aalient feature being a 
reduction of the hiPTnoglobin. So decided is this in most cases, 
that the blood and the corpuscles themselves appear quite pale. 
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The percentage of corpuscles per cubic millimeter may exceed 80 
per cent, of the normal, while that of the haemoglobin may be 40 
'or lower. Properly spealdng^ however, what is abeent is not 
hoemoglobm-proper, but that portion of it which remains in the 
red corpuscles, hsmatin,* the true blood-pigment. Its albu¬ 
minous portion, adrenoxidase, is not only present in a free shite 
in the plasma,* but in rare instances it occurs in excess in the 
latter, as shown by the blood's increased coagulability—adren¬ 
oxidase being the fibrin ferment.* The paucity of hsematin in 
the corpuscles renders than incapable of holding the albumin¬ 
ous portion of haemoglobin,* they appear not only paler than 
normal, as stated, but smaller. Conversely, some may, here 
and there, appear enlarged, their undivided content in TuBmatin 
being in that case sufficient to anchor an unusual quantity of 
adrenoxidase, owing to the abnormal quantity available in the 
plasma.* Small nucleated red corpuscles (normoblasts), which 
are derived from the bone-marrow, are also found in the blood, 
especially when an active regenerative process is going on. This 
proves futile, however, if hsematin, the link between the red 
corpuscles and the albuminous haemoglobin, be deficient.* The 
white corpuscles appear normal in all respects. 

The marked diminution of hemoglobin mm compared to that of 
red corpuscle* was first observed by Duncan nearly forty years ago, 
and the diagnostic Importance has been sustained by the researches of 
Hayem, BOrensen, Stockman,** OrSber" and others. In 08 consecutive 
ca se s examined by Thayer in Osier’s clinic,** the average of red corpus¬ 
cles was 4,006,844, or over §0 per cent., while the average percentage 
of hemoglobin was 4U per cent. The variations in rise of the red 
corpuscles have remained unexplained; this is readily accounted for by 
the fact that the albuminous portion of the hemoglobin has never been 
taken into account. As to the nucleated cells, Lasarus refers to the 
investigations of Neumann, Bissoaero and Ehrlich aa having shown be¬ 
yond a doubt, that they are "the evidence of active regenerative proe- 
casea in the blood-forming organs (bone-marrow). M 

Etiology and Pathogen eaU.—Although the chromatin of 
meat, vegetables, fruit, etc., ia the mother-substance of hoamatin, 
the proportion of metallic iron absorbed daily from these food¬ 
stuff is at best very limited, namely, from A to 10 milligrams 
(Vi* to Vs gr.) Moreover, this intake cannot be considered as an 
asset, since it varies but little, if at all, from the output by the 
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urine and feces. This indicates that the body absorbs from fho 
alimentary proteida only just enough iron to replace the quantity 
normally utilised in the blood and tissues, and that in case of 
need, it irawa upon its reserves in the liver, spleen, bone-mar¬ 
row, etc.* 


. _ We h are sen In the article on iron that Bunge and Marallum 
mat the chromatin of the various proteida, animal and 
7 * 8 »table, waa the mother-aubstaure of hemoglobin. As to the ingm- 
tfam of iron, Stockman" found that “the quantity of metallic iron in 
ordinary dicteriea seldom exceeded 10 milligrams (*/. gr.) per day, and" 
that it "might be aa low as 6 milligrams (•/„ gr.) In people of ordi- 
jmrv appe- te and digestion.” In a subsequent artiele, Stockman and 
demonstrated that “the Iron metabolism is extremely small so 
far as intake and output is concerned.'' In one observation they “almost 
axmctlyoolncided;” in others the output even exceeded the intake. 

That conversely, iron may he lost or eliminated fay way of the 
intestine, is sustained by considerable evidence. As far back as 1862 
Bidder and Schmidts* ascertained that from six to eight times more iron 
was eliminated with the fares, even during fasting, than with the urine. 
Gottlieb,* after feeding puppies on iron-free food, injected iron sub¬ 
cutaneously and found nearly 97 per cent, in the faces. That this Is by 
no means all excreted by way of the liver and with the bile, is proven 
by the experiments of Nathan,'" which showed that the greater part of 
the Iron excreted was carried to the large intestine by leucocytes. Hoch- 
haus and Quincke* hold that the accumulation of iron in the submucous 
tissue of the large intestine is connected with its excretion, and that 
this is probably effected by the extrusion of iron-laden leucocytes. The 
opportunities for an output even in excesu of the intake are evident. 


Tn the great majority of cases of chlorosis, the disease is 
due to three morbid factors acting concurrently: (1) a defi¬ 
ciency of iron in the patient’s regular diet, (2) depressed func¬ 
tional activity of the adrenal center,* and (3) its results,* im¬ 
perfect digestion and assimilation. 

As to the first cause, chlorosis is most common among ill- 
fed working girls or "sweat-shop” hands, whose diet seldom 
includes meat, fruit, and other foods rich in iron. Among the 
well-fed classes, chlorotics arc likewise seen, hut here the tastes 
are catered to, and the diet consists mainly of desserts, especially 
sweets, cakes, candy, ice-cream, milk, etc., all of which are 
extremely poor in, or devoid of, iron. 
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Still, a multitude of girls, under identical conditions, do 
not miter from chlorosis; a predisposing cause must prevail, 
therefore, Jn addition to these conditions. This is represented 
by the second cause mentioned. The age at which chlorosis 
most usually occurs, between 15 and 20 years, coincides with the 
period of greatest development, and when the adrenal system, 
therefore, is under the greatest stress.* If, as is often the case 
with the genitalia, the pelvis and the breasts in these cues, the 
organs forming the adrenal system are inadequately developed, 
they fail to meet the needs of the organism, and the vital process 
in all tissues is deficient.* Hence the muscular relaxation— 
. the cause, in turn, of the weakness and lassitude, of the gastrop- 
tosis and enteroptosis, of the cardiac and vascular dilation, of 
the large and soft pulse, of constipation, of all menstrual dis¬ 
orders, etc., briefly, of all disorders in organs supplied with 
muscular elements. Hence, also, the many other morbid phe¬ 
nomena which general vascular’ relaxation entqils, vis., accu¬ 
mulation of blood in great mesenteric channels, and recession 
of blood from the brain, lungs and skin, which, in turn, give 
rise to the familiar vertigo and tendency to fainting, dyspnoea, 
coldness of the surface and extremities, and pallor.* Finally, 
the haematopoietic organs themselves are the seat of inadequate 
metabolism, as shown by the average reduction of about 20 per 
cent, of red corpuscles, a proportion which is sometimes 
greatly exceeded. 

The third cause is a normal consequence of the second. 
The dilation of the stomach and intestines, the constipation, 
and the -many symptoms appertaining thereto, clearly point 
to imperfect digestion, a condition which in itself diminishes 
the likelihood that the small proportion of iron absorbed daily 
from the alimentary canal under normal conditions will be 
reduced. The intake being diminished, the reserves in the liver, 
spleen, etc., are drawn upon and the time finally comes when 
they are exhausted. This marks the onset of the disease, 
the time when the red corpuscles, failing in their supply of 
hnmatin, gradually lose their hold upon what proportion of 
albuminous haemoglobin, or adrenoxidase, the adrenal system is 
able to produce.* 
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▲ diet deficient in iron thus becomes more of an aggravat- 
jngfector than a primary cause of ehiorosig; but we must not 
foiget that m many instances the deprivation of wholesome 
food has existed from infancy, and that this in itself has tended 
to inhibit the development of the adrenal system, to prepare the 
soil, in other words, for chlorosis.* 

All this applies as well to other causes of chlorosis. The 
great majority of cases occur in delicate, blond (».«., hair devoid 
of iron), illy-developed girls, and sometimes hoys; while its 
causes are all of a debilitating kind, squalor, overwork, pro¬ 
longed lactation, exhanating drains, profuse menstruation, 
masturbation, grief, nostalgia, etc., all of which tend to depress 
the functional efficiency of the adrenal center, directly or indi¬ 
rectly. This is the underlying cause of chlorosis, but only when 
the intake of iron from the blood faila to compensate for the 
output.* 

The presence of adrenoxideae In unusual quantities In the plasma 
previously referred to, does not mean that an excess of this body is 
produced; It only signifies that what proportion is unsbsorbnd fay the 
red corpuscles as the albuminous moiety of haemoglobin circulates in a 
free state in the blood-stream. The activity of the adrenal center may, 
therefore, be far below normal and adrenoxidase still occur in the 
plasma. 

Treatment.—To administer iron to such cases withont in¬ 
creasing the functional activity of the adrenal system is not 
judicious, since it tends to increase constipation, while being 
wasted through the alimentary canal. The first feature which 
requires attention is the state of the blood. We have seen that 
it has a marked tendency to coagulate, and that this haa been 
ascribed to blood-platelets. As this points to a deficiency of 
blood-salta,* the use of normal saline solution is indicated. The 
best method in these cases is to give it in the form of a large, 
hot (110* F.—43.3° C.) enema every other night, and, if the 
mum be severe, to administer it in small quantities either endo- 
venously or hypodermically, three days in succession, then every 
other day. The only other indication at this time is the diet 
recommended for amentia, which includes foods rich in Iran and 
alkaline salts. 

At the end of a week, the blood will have regained, at least 
to a certain extent, its normal osmotic properties, and, (3m vege- 
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tables aiding, its normal alkalescence. The thyroid gland, in 
small doms, 2 grains (0.13 gm.) during meals, should then 
be begun, to enhance, through the adrenal system, metabolism 
in all its tissues, including the muscles of the heart and vessels.* 
The tone of the latter being improved, the distribution is equal¬ 
ised, and the adrenoxidase-laden plasma, instead of circulating 
in tiie larger, deeper vessels, where it is of but little use to the 
vital process of the organism at large, will now increasingly flow 
through the capillaries of all organs. As this applies also to 
the muscles of the stomach and intestine, the gastroptosis and 
the constipation will also be corrected. The resumption by the 
vessels of their normal caliber will have another all-important 
effect in this connection: it will correct the main factor in the 
loss of iron ingested, viz., abnormal intrahepatic vasodilation 
and failure of the iron-laden leucocytes to circulate through the 
capillaries of the hepatic cells. The iron, which, under these 
conditions, was imperfectly prepared for absorption, will then 
simply be excreted with the tsacm —along with other food-prod¬ 
ucts for the formation of heematin. After two weekB of thy¬ 
roid gland, this stage will have been reached, and iron, prefer¬ 
ably Bland's pills, will now prove beneficial, since the stomach, 
liver and intestines will have been rendered able to prepare it for 
its assimilation by the red corpuscles, which, under the influence 
of the thyroid gland, will also have appeared in greater num¬ 
ber in the blood.* Adrenal gland in 2-grain (0.07 gm.) doses 
hastens recovery by supplying the oxidizing constituent of the 
haemoglobin. 

Others have observed the beneficial effects of thyroid gland. 
BatteyShAw" writes: “Capitan and Camus describe the favorable results 
of thyroid treatment in cases of severe chlorosis. Treatment fay iron 
was found to be more successful when combined with thyroid treat¬ 
ment.** 

Other agents which have proven beneficial are the iodides. 
Bui even the iodides tend to increase the gastric disturbance in 
these cases. The syrup of the iodide of iron is sometimes borne 
without trouble, in 10- or 15-drop doses in a half tumblerful of 
water. Strychnine, in full doses, with inhalations of oxygen, is 
very efficient in mild cases. All are adrenal stimulants. The 
seashore hastens recovery in such cases. 
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HEMOPTflTJ A, 

Synonyms.— Bleeder' Disease; Sporadic Hemophilia. 

Definition. —A tendency to serious and sometimes uncon¬ 
trollable haemorrhage, due to a deficiency of fibrin ferment 
(adrenoxidase) in the blood and a corresponding diminution of 
the coagulability of the latter.* 

Symptoms and Pathology. — The abnormal tendency to 
bleed is usually discovered through occurrences to which, as a 
rule, little importance is attached: nose-bleed, the extraction 
of a tooth, the application of a leech, a slight cut, vaccination, 
religious circumcision, etc. It may occur oh the unsuspected 
source of metrorrhagia, or as the so-called “renal” hemophilia, 
the urine being bloody. The skin is frequently the seat of 
hemophilia; vesicles are formed either during apparent health 
or daring eruptive diseases, scarlatina, varicella, etc., or more 
or less extensive extravasations appear under the skin, owing to 
capillary oozing, either as the result of a piuch, a blow, etc., or 
without provocation. The hmmorrhages may be internal; haemo¬ 
philia may thus act as the underlying cause of cerebral hiemor- 
rhage. Reddish striae of minute dilated vessels arc sometimes 
witnessed in these cases. 


The pathological anatomy of the disease affords but little informa¬ 
tion. The walla of the blood-veaaehi are said to be “thin’* or ‘Tatty," but 
Nancrede 4 * eaya that this supposed thinness has only been witnessed once 
histologically. As to their being fatty, we have seen that “fatty degen¬ 
eration”' so-called is due to post-mortem changes. Ahderhnlden" recently 
ascribed, hemophilia to localised changes in the development and struct¬ 
ure of the venules and arterioles of the regions Involved, but, as shown 
below, veacular changes ere of secondary importance in that they only 
tend to predispose these regions to set as outlets for the blood. In a 
case noted by Cbauffard, 4 * for instance, the recurrent hemorrhages were 
always from the same areas. 

Affections of the joints are very important in this connec¬ 
tion, as many hemophilics have lost their lives through surgical 
intervention. A joint in such subjects may suddenly and with¬ 
out appreciable injuiy become filled with blood, swell, become 
painful, etc., and slowly recover. This may recur repeatedly, 
but ultimately be attended by alterations of the synovial mem¬ 
brane and cartilages and finally deformity. It is in these cases 
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of hiemophilic arthritis tlmt a fatal error in diagnosis may be 
made. These cases usually show a pallor of the membranes; 
bnt the characteristic features are a history of haemophilia, 
ecchymotic patches, and dilated capillaries. Recurrent epistaxis 
should always awaken suspicion. In tuberculous arthritis—the 
diagnosis usually made—the doughy patches of ecchymosis are 
absent, scars are likely to be present; inequality of the femoral 
condyles or of the head of the tibia may at times be discerned. 

Froelich,* 7 who lays stress on these diagnostic points, states that 
aspiration of the joint, tenotomy and forcible extension should not be 
attempted in such cases. As shown below, however, even major opera¬ 
tions may be done after appropriate treatment. Without such, however, 
surgical procedures of any kind;, even cauterizations, as shown by Novfr- 
Josserand," are likely to lead to a fatal issue. 

Etiology and Pathogenesis.—Heredity is a marked feature 
of haemophilia, haying been traced back in one family through 
nearly three centuries. It is often transmited by women- not 
themselves affected (118886*8 so-called law). Another peculiarity 
is the marked fertility of bleeders’ families. Again, a woman 
belonging to a family of bleeders may not herself be a bleeder, 
and may bear offspring who arc, especially if her children are 
males. 

The genealogy of a family of bleeders traced back nearly 300 years 
was recorded by Ubesali." A marked example of transmission through 
Bon-hasmojphillo women reaching back 200 years and affecting only males 
was published by O. lUcks.** Ail suffered from arthritic disorders. 
Htelner* 1 observed a case in a negro, the first on record in this race, and 
traced it back to the great-great-grandmother. The family was ex¬ 
tremely fertile, but. both males and females were bleeders, though inva- 
friably transmitted through the females. Pincus* 1 states positively that 
hmmophllics should not marry, but this view is subject to modification, 
in view of the facts submitted below. 


Deficiency of the fibrin ferment—the edrenoxidase— 
in the blood is the underlying cause of hemophilia. Fibrin 
ferment being a necessary constituent to the formation of fibrin, 
this substance is not formed in adequate quantities and the blood 
cannot coagulate.* 

Hemophilic subjects appear normal because coagulation re¬ 
quires an excess of fibrin ferment (adrenoxidasc) over and above 
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the needs of tissue respiration, mid this excess is not available in 
them. As adrenoxidase is the oxygen-laden adrenal secretion, 
the primary cause, therefore, is a deficiency of adrenal secre¬ 
tion.* 

I have shown that fibrin contains adrenoxiilaae and that it is 
identical with fibrin-ferment. That the adrenals are the source of 
this substance, and that a deficiency of their secretion fa the primary 
cause of iuemophilia, is illustrated by the fact that stimulation of tlia 
adrenal center by its normal stimulant, i.c., thyroid extract, counteracts 
the hamophilia. This is emphasised by several cases given in outline 
under Treatment. In the first series, thyroid extract was employed 
empirically; in the second. Dr. W. J. Taylor’s cusps, 1 had recom¬ 
mended its use with the view of increasing the fibrin-ferment. Dr. 
Taylor carefully noted the blood’s coagulability and found that it in¬ 
creased from day to day under the influence of the thyroid extract. 
Direct proof is afforded by the fact that adrenalin likewise arrests the 
bleeding in these cases; here it does simply what, as 1 have shown, it 
does in the lungs. 

Treatment. —We have in thyroid yin ml not only a prophy¬ 
lactic, but alao a curative agent, since it atimulntca powerfully 
the pituitary body and raises its functional activity when its use 
is prolonged. Three grains (0.2 gm.) three times daily, i>„ 
after each meal, suffice for this purpose. This muses gradual 
increase in the coagulating power of the blood, thus rendering 
even serious operations safe when the coagulating time liaa been 
reduced to the minimum normal, i.e., three minutes. 

The cases in which thyroid extract has been used successfully are 
already quite numerous. Deiacc" promptly stopped a menorrhagia which 
had lasted fourteen days in a haemophilia; alveolar and subcutaneous 
hmmorrhagea were also present. Instances In which unmistakable cases 
were successfully treated have been reported by (\>nibemale, M C. K. .Jones, d 
Schefller," E. Fuller" and others. The remedy was administered empiri¬ 
cally in these cases, aa previously stated. Not so With three rases re¬ 
ported by William J. Taylor,** however. Having in mind my view that 
it was by increasing the coagulating power of the blood that thyroid 
extract prevented hemorrhage, he tested the Mood’s coagulating time: 
in a profuse bleeder requiring an Operation it was minced from 11% 
minutes to 2 minutes and 0 seconds, and nephropexy was successfully 
p e r f ormed, the wound being "remarkably dry.” Thyroid gland was 
alao given by him In a case of osteomyelitis attended with constant 
bleeding, aim caused the latter to cease In one week. In a third caaa,>it 
rendered possible the extraction of a tooth in a hmmophilic, no hamor* 
rhage occurring, though the gums were badly lacerated. 
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Calcium chloride baa likewise given good results, owing to 
the well-known'influence on coagulation, but its effect is only tem¬ 
porary. It is given in 10-grain (0.6 gm.) doses, three times daily. 
If given to prevent bleeding during a minor operation (it allowa 
of no other than trifling ones, extraction of teeth, opening of 
small abscesses, etc.), the coagulation time should be taken, and 
if this does not reach below five minutes, thyroid extract should 
be given in addition. Digitalin in full therapeutic doseB is also 
useful. ’ A 

Sympaon," Wallace," Parry* and others have obtained good results 
with calcium chloride in hemophilia. Ballantyne* used it successfully as 
au antenatal remedy, fa., to prevent kamophilia in the third child of a 
woman whose two first children were bleeders. I used tincture of digi¬ 
talis and obtained a prompt recovery in the case of a boy whom recur¬ 
rent hemorrhages had almost exsanguinated. 

The most valuable local haemostatic is adrenal chloride (1 
to 1000 solution), gauze saturated with it being applied directly 
to the wound. A thick layer of the, powdered extract also arrests 
the bleeding promptly. The ordinary styptics, perchloride of 
iron, ergot, etc., have been used, but seldom with success in 
serious cases. Fresh entire blood may be transfused, a small 
quantity being sometimes sufficient to arrest a profuse flow. 

Adrenalin has been used successfully in the above manner by W. 
Milligan," E. Francis," and the extract bv Wi' T. Thomas" and others. 
The use of entire blood was recommended W Efayem," who thought that 
his i< hamotoblasts M caused the formation of a dot. T have shown" that 
these hmmatoblaat* or blood-platelets are droplets of adrenoxidase, fa., 
of fibrin-ferment. 
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CHAPTER XXX II. 


THE INTERNAL SECRETIONS IN THEIR RELATIONS 
TO PATHOGENESIS AND THERA¬ 
PEUTICS ( Continued ). 

THE ADRENAL SYSTEM IN INFECTIUN8 OF THE LYMPHATIC 

SYSTEM. 

A* We have already seen that in tulicrculosis, infection ixvnrs 
to‘a great extent through the lymphatic system. In the diseases 
reviewed in the present chapter, syphilis and huhonie plague, 
infection not only occurs hy way of Hits system, but the 
lymphatic glands act as foci for the development of pathogenic 
organisms. Hence the occurrence of IiuImich and kind red com¬ 
plications. An important feature emphasised is the need of 
energetic measures, as represented by the value of mercury, the 
iodides, etc., in the treatment of such disorders. Toxiemias are 
readily antagonized hy ordinary adrenal stimulants because it 
is in the blood that the bactericidal and antitoxic agents which 
these remedies evoke first appear. In the lymphatic system, 
however, the protective process is relatively deficient, owing 
to the absence of red corpuscles, and therefore of adrenoxidase, 
in the lymph, a fact which involves a deficiency of auto-anti¬ 
toxin in this fluid. TTcncc the freedom with which bacteria 
multiply therein; hence nlso the presence in the lymphatic 
glands of a multitude of phagocytes, small and large, whose 
purpose is to rid them of pathogenic elements of nil kinds. 
The aim, therefore, should be to increase the proteolytic power 
and the aggressiveness of the phagocytes by ngents which cause 
their digestive vacuoles to be well supplied with auto-antitoxin 
(their digestive triad) and to sensitize actively the bacteria. 
These requirements are met by mereilry, the iodides and thyroid 
extract, as suggested below. 

HYPHTT.TR. 

Synonyms.—/aim; Pox; Tate* Vfitterea. 

Definition.—A specific disease due to inoculation, prob¬ 
ably by the apirorhtria pallida, characterized by three stages: 
(1) the primary stage, in which the seat of inoculation is eon- 

(1795) 
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verted into a specific nicer, the chancre, whence the pathogenic 
organism may invadu the lymphatic system if the body’s auto- 
protective functions as exercised through the lymphatic phago¬ 
cytes are unable to prevent it; (8) the secondary stage, or stage 
of general infection, during which the toxins or endotoxins of 
the specific germ excite a general reaction of the adrenal sys¬ 
tem and eruptions of various kinds; and (3) the tertiary 
stage, or period of sequela!, provoked by the pathogenic organ¬ 
ism or its toxins or endotoxins in various tissues during the 
secondary stage, characterized by a specific lesion, the gumma, 
and by marked debility or quasi-paresis of the adrenal system, 
which may be transmitted to offspring. Congenital syphilis is 
the expression, therefore, of inherited inadequacy or quasi- 
paresis of the adrenal system.** 

Symptoms. —ITie initial lesion or "primary syphilis” 
occurs, as a rnle, from two to three weeks after infection. 
Beginning as a small papule or abraded spot, it gradually de¬ 
velops into the chancre, which softens in the center, constituting 
an ulcer surrounded by a hard ridge—the "hard” or “indur¬ 
ated” chancre. This ultimately breaks down, leaving a scar. 
The appearance of the initial lesion is soon followed by en¬ 
largement of the adjacent lymph glands, forming the bubo or 
buboes. All these lesions are the Beat of an active defensive 
process. 

After a period varying from a few days to two weeks, the 
second stage appears. This is evidently due to .a general re¬ 
action,* for it is attended with fever ranging from about 100° 
F. (37.8° C.) to as high as 105° F. (-10.5° 0.), characterized 
by irregular exacerbations and often by headache and insomnia. 
When the febrile process is high, hiemolysis may occur, as 
shown by the aniemic appearance of the patient. Cutaneous 
lesions of various kinds, none of which cause pruritis. are pecu¬ 
liar to this stage, viz., roseolar, squamous, papular, and even 
pustular, the pustules recalling those of variola and other erup¬ 
tions, some of which often leave copper-colored pigmented 
patches. Syphilitic warts, which usually conjoin to form condy- 
lomata, may appear at the mucocutaneous junctions, while the 
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mucous membranes of the tongue, nose, vulva, etc., often show 
similar lesions, grayish, somewhat raised erosions: mucous 
patches. The second stage is a very active one—so active, 
indeed, that all organs, including the bones, the liver, the kid* 
neys, the eyes, the curs, the hair, the nails, etc., may become 
the seat of inflammatory processes, i.e., of local defensive 
reactions.* 

This stage—a period in which the infectious principle is 
fought at every step wherever met*—usually lasts from one 
year to eighteen months, when the disease either disappears— 
vanquished by the body's auto-protective resources*—or pro¬ 
ceeds on its fell way, i.e„ to “tertiary syphilis,” the third stage. 

The third stage has been very appropriately defined as the 
“stage of sequela;.” Owing to the vascular lesions that arc 
started during the second stage* and the formation in various 
structures of gummatous growths, morbid phenomena may appear 
in any organ through local pressure, distortion, denutrition and 
pressure-absorption. In the respiratory tmrt, for example, there 
*may occur necrosis of the nasal cartilages and bones, causing 
the saddle-nose, perforation of the soft palate, and cicatricial 
adhesion of the latter to the pharynx; ulceration and gummata 
of the larynx and epiglottis, causing hoarseness, aphonia, cough, 
etc. The lungs may also be involved, especially in children. In 
the brain, pressure of gummata is a frequent source of paralysis, 
facial, ocular, etc. Syphilis is also a recognized cause of gen¬ 
eral paralysis.* Areas of softening in the brain itself, of its 
vessels, with formation of miliary anebrisms leading to hemor¬ 
rhages, may occur; symptoms of brain tumor may also appear. 
The pressure may be such as to cause passive congestion of the 
brain and the pia; violent headache, excitement, even epileptic 
convulsions, sometimes of the Jacksonian type, may be caused. 
In the spinal cord, symptoms of myelitis or of tumor, paralysis, 
such as hemiplegia, paraplegia and monoplegia, and locomotor 
ataxia, are relatively frequent results of spinal lesions. In the 
testicles the gummata may form hard, painless masses; sup* 
putative orchitis may also occur and be followed by atrophy. 
Corresponding disorders of the ovaries may occur and provoke 
miscarriage. The liver may be the seat of gummatous enlarge- 
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ments and later show areas of cirrhosis or fibrous cicatrices; 
ascites and jaundice may also be caused. The cardio-vascular 
system is not exempt; endocarditis, arteriosclerosis, gummata' 
of the adventitia, etc., being not infrequently observed. On the 
whole, all tissues are exposed to the ravages of this terrible dis¬ 
ease, each organ attacked giving rise to symptoms demiting per¬ 
version or arrest of its functions. 

In congenital syphilis, symptoms may bo present at birth, 
which usually develop later—roseola, excoriations at the 
mouth and anus (the latter appearing also as if scalded) readily 
developing into mucous patches and condylomata. An eruption 
of ulcerative bulls around the wrists, pemphigus neonatorum, 
a typical sign of syphilis, is also frequently observed. The 
viscera, and particularly the liver, spleen and kidneys, are pre¬ 
eminently the scat of connective tissue lesions similar in every 
respect to those observed in the adult. Syphilitic rhinitis, the 
“snuffles,” which obstructs the nasal cavities, and may be fol¬ 
lowed later by necrosis of the nasal cartilage, contributes 
greatly to the general wasting or marasmus, by interfering 
with oxygenation. Tlio special senses, especially the eyes—in¬ 
terstitial keratitis being commonly observed—and ears are 
always threatened. The cerebro-spinal system, especially at 
birth, may be the seat of apoplectic effusions owing to lesions 
of ^ the arteries. The osseous system and particularly the dia- 
physo-cpiphyscal junction of long bones is often involved, th.o 
rosary at the costocartilaginous junctures observed in rickets 
and nodular thickenings on the tibia and other bones, being 
readily discernible in most instances. When the second denti¬ 
tion is reached, the permanent teeth appear notched, irregular 
and “pegged,” the two upper incisors being particularly de¬ 
formed in this manner, i.e., the Hutchinson teeth. 

This brief resume of the symptomatology of syphilis contains but 
tlie most salient features, but ft suffices to suggest that if from the 
beginning of the first or second stage of the disease, an active defensive 
process Is in operation, it would, when raised to its highest efficiency bv 
remedial measures, prevent the ravages which constitute the third stage. 

Etiology and Pathogenesis.—The pathogenic organism of 
syphilis, found In the primary and secondary entaneons and 
glandular lesions, and in some of the tertiary lesions, is probably 
Sclutudinn and Hoffmann’s recently discovered spirochcrta pal - 
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lida, s slender, corkscrew-like spirillum. Inoculation experi¬ 
ments have given rise to typical ulcers containing this parasite; 
but it has not so far been possible to cultivate it in artificial 
media. 

The initial lesion, the chancre, is from the start the neat 
of a defensive process. It is at once invaded by various phago¬ 
cytic leucocytes, lymphocytes and epithelioid macrophages, 
which accumulate in situ along with connective-tissue and 
other cells Connected with the process of repair.* 

That the apirocluet* pallida is the aperitif* germ of syphilis In sus¬ 
tained by considerable evidence. It must not lie forgotten, however, 
that Lustgarten’s burillua was nlso found in nil lesions. That the 
initial sore is Invaded at least by scavenger cells is now generally 
recognised. Thus, Olilmacher 1 states that, “like other itilied infections, 
syphilis seems to irritate principally tin- elements of the connective 
tissue, and in consequence we tind in Isitli »wr/y and late lesions, a 
proliferation of endotlielioid cells, small round (lymphoid) cells, and 
giant cells. As in most other infections, the endotlielioid cells, giant 
cells, and certain migrated leucocytes engage in phagocytic activity in 
the effort to rid the body of the noxious invaders or to remove the 
detritus of cellular necrosis.” Tin* defensive process is essentially local, 
however. Thus, Hallopeau 1 found that “the |iuthngi>nir action of the 
toxins is ail during the periods of incubation and latency of the disease,” 
a fact which shows, from my viewpoint, that these toxins do not evoke 
a protective reaction from the start. I regard this os a very important 
fact from the standpoint of prophylaxis, for such being the ease, the 
immediate use of remedies such as thyroid, iodine, etc., which power¬ 
fully stimulate the thvro-adrenal functions must tend to prevent f^nersl 
infection even when the chancre is feebly developed. 

The germ-laden leucocytes, epithelioid eel 1b and giant-cells 
—all phagocytes—are the “syphiliased cells” of Bcsiadecki, Otis 
and others, which become infectious through the fact that cither 
as micro- or macrophages, they ingest the specific organism.* 
Tn some cases they succeed in preventing infection. If, how¬ 
ever, the vital functions of the patient be at all depraved, 
either through alcoholism, antecedent disease, starvation, etc., 
the production of adrenoxidase, trypsin, nucleo-proteid and 
thyroidase, the constituents of auto-antitoxin, be deficient, 
these defensive cells, inadequately supplied with this bacterio¬ 
lytic substance, fail to destroy the germs.* On leaving the seat 
of infection to enter the lymphatic vessels, therefore, they are 
laden with these pathogenic organisms and infect the lymphatic 
glands of the groin, giving rise to the “buboes,” and finally 
infect the body at laTge. 
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That* as I suggest,. general inleotkm is influenced far debility of 
the adrenal mtem’i protect!re power, owing to general ady nami a, and 
aa manifested through the leucocytes, harmonises with established facts. 
The debilitating influence of alcohol and squalor ia well known. Thus 
Prof. Neumann* recently emphasised the fact that syphilis “is more 
common in ill-nourished persons and in hospital patients than in those 
Been in private practice*' and that "alcohol diminishes the resistance 
of the tissues to specific infection.” Hie "resistance of the tissues” 
means, in the light of the evidence I have adduced, a deficiency of auto¬ 
antitoxin in the blood and cells: Applying this principle to the pre; 
vailing conception, the rtle of the leucocytes, as I have depicted it, 
will suggest itself. O. Frank Lydeton* in an able review of the whole 
subject, says, for instance: "The first effect of the syphilitic infection 
in a gradually increasing accumulation of leucocytes—£«., white blood- 
cells or lymph-cells—at the site of inoculation, produced by a modifica¬ 
tion of the normal leucocytes and connective tissue elements through 
the influence of the syphilitic infection.” ..“The previously nor¬ 

mal accumulated cells (the syphilixed cells of Besiadecld, Otis, et aL) 
contain the germ of syphilitic infection. They become larger, more 
granular and contain numerous nuclei [giant cells] and pnssnss exaggera¬ 
ted powers of proliferation and amteboid movement. . .... “This 
much is certain, however, that just as the leucocyte is the primordial 
cell in the normal physiological processes of grovrth, so is it the basis 
of all so-called pathological proces se s, and particularly those of syphilis, 
when modified in the manner peculiar to the particular disease.*' 

Interpreted from my standpoint, however, the normal phagocytic 
leucocyte is fully able to digest the pathogenic germs and to convert 
them into granulations that are more or leas useful to the body at 
large, while the leucocyte, deficient in bacteriolytic bodies and moving 
in blood deficient in thyroldase (opsonin), is not, and acts as infecting 
agent. 

Some of the germ-laden leucocytes carried along by the 
torpid lymphatic current, finally reach tho receptaculum chvli, 
along with quantities of specific germs produced through multi¬ 
plication in the lymph and lymphatic glands, and are finally 
emptied into Ihe blood-stream. When the germs and their 
toxins have accumulated sufficiently in the blood, the second 
stage begins; which means a reaction of the body to protect 
itself, through the adrenal system, against infection.* 

The "syphilitic fever,” marked in proportion as the reaction 
is severe, is accompanied by a marked rise of the blood-pressure 
due, as in arteriosclerosis, to hypermetabolism in the vessel- 
walls. So marked is the vascular tension that the blood is 
driven by the deeper vessels into die peripheral capillaries, which 
become intensely congested. As die specific germs and their 
toxins, waste-products of the prevailing hypermetabolism (in¬ 
cluding various acids), detritus, broken-down cells, eta., are 
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inadequately removed from the cutaneous capillaries, owing to 
the torpor of the bk>od-8tream in the vessels,* many kinds of 
eruption may appear, one of which, the syphilitic roseola, usu¬ 
ally leaves copper-colored spots. 

The fever, which, we have neon, may attain 105° F. (40.5 s C.), Is 
of course, as elsewhere, due to excitation of the tent-organ and adrenal 
center—or thermogenic center—by the poison. So marked is the excess 
of auto-antitoxin m the blood, In fact, that a slight increase of thia 
protective compound suffices to produce hwmolysis. Tills explains the 
phenomenon known as “Justus's test” in which one large dose of mer¬ 
cury is sufficient to produce a sharp hmmolysis. This destruction of 
red corpuscles (10 to 15 per cent.), according to Justus, 1 “is a specific 
phenomenon, and is not observed in the blond of healthy persons." 
This Is accounted for from my standpoint by the fact that the mercury, 
by suddenly exciting the text-organ, increases the proportion of auto¬ 
antitoxin in the blond sufficiently—in addition to the excess already 
present in the latter—to render it hamolytic. All this proves that 
an intense protective process is going on in the blood. 

The capillary hypenemia is well shown by the leucoderma. That 
it is at least closely related with the second stage is suggested by 
Five!skyV statement that “these pigmentations may remain for several 
years and can be regarded as among the best signs of the secondary 
period”—though os observed by Lewin,' it is also met with in subjects 
who have never had syphilis. It has been ascribed by some writers 
to “a transient congestion of adrenals,” according to Frattalli. 1 Thia 
conclusion is warranted—since, as wc have seen, the adrenal system 
is overoctive—but only in the sense that the blood is thus caused to 
contain an excess of’the adrenal active principle which, as l have 
shown in the thirteenth chapter, is the main factor, when oxidised, in 
bronxing and kindred pigmental ions. 

The relationship between this cutaneous hyperemia and the erup¬ 
tions of all kinds obwnvd during the second stage is generally recog¬ 
nised. Thus, Lydston* states that "the syphilitic roseola Is due to 
dilation of tiie cutaneous capillaries and subsequent stasis, and the 
exudation of leucocytes [which, we have seen, contain the germsl and 
red corpuscles into the implicated Integumentary area.” L. n. Schmitt," 
referring to the fact that Veillon and Girard 11 “found the epirochieta 
pallida in sections of syphilitic roscolm of four days' duration" and 
that “the sections showed intense capillary and beginning perivascular 
infiltration," states that “the organisms were found in the terminal 
•ubpapillaiy capillaries and in some of the mibpapillary vessels” and 
that 'x few were found In the perivascular nodules.” Schmitt concludes 
from this “that the roseola are not of toxic origin, that they are due 
to a true parasitic embolus lodged in the terminal capillaries of tha 
■kin and producing a perivascular infiltration." 

The third stage, aa already stated, is not a manifestation of 
the syphilitic infection, but of a variety of disorders which 
occur as sequels of the lesions that the presence of the patho- 
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genic organ ism in various organs has provoked, directly or 
indirectly, during the second stage. 

The arterial losions are in part due to a process similar 
to that which prevails in arteriosclerosis,* viz., to excessive 
metabolic activity in the vessel-walls, and particularly in those 
of the vasa vasormn.* These minute nutrient vessels becom¬ 
ing occluded, the areas they nourish become necrosed and, 
ultimately, fibrous and calcareous.* Th*is morbid process is 
greatly aggravated by vascular lesions provoked by the pres¬ 
ence of the germs, the Teparative process which follows entail¬ 
ing likewise local sclerosis. Any or all vessels may thus he 
affected, the lesions being either of the inflammatory type: 
undo- or periarteritis, and endo- or periphlebitis; or secondary 
thereto: thickening or fibrosis of thqir walls, entailing partial 
nr complete obstruction. Thrombosis may also occur. 

The only lesion that may be considered as truly syphilitic 
is the gumma, a gelatinous mass varying greatly in size, and 
containing at first endothelioid and mononuclear cells (both 
phagocytic), then a cheesy mass. Their microscopical resem¬ 
blance to tubercles is such as to indicate that they fulfill a rdle 
similar to that carried on by these masses in tuberculosis ( q.v .) 
viz., to enclose colonies of pathogenic bacteria and cellular 
detritus* and thus arrest dissemination of the germs. They 
may become hard and dense, and are traversed by fibrous bandB 
forming meshes which enclose their caseous contents, however, 
and being liable to form anywhere, particularly in the liver, 
testis, spleen and brain, and in the bones, which they may soften 
and destroy; they add a formidable pathogenic factor to the 
already formidable vascular lesions, through the pressure which 
they exert. They often break down, but this cither leaves an 
open lesion or a mass of cicatricial tissue which is in itself a 
menace in certain regions, the central nervous system, for 
example. 

That syphilitic infection ia absent when the third stage la reached 
ia shown by the absence of the pathogenic organism during this stage. 
Robernhelm and Tomaanewsld,' 1 for instance, having examined 58 cases 
of syphilis for the spirochseta, found It in all with the exception of the 
only 8 c as e s of tertiary syphilis. This fact, which has been confirmed 
by other o bse rvers , accounts for non-comniunloablllty of tertiary lesions. 
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Tkii should not be considered as a law, however, for, aa is well known, 
relapses of the disease may occur yearn, even decades, after apparent 
exhaustion of the infection, a fact ascribed by Virchow to retention 
in the lymph-nodes of the pathogenic agent. 

The prevailing view is that the arteriosclerosis of syphilis is an 
independent process. Thus, Neumann 1 * stated recently in one of his 
lectures that "arteriosclerosis fa non ter tie nr lesions.'' As 1 show shove, 
however, it can clearly be caused by syphilis, »>., through the prolonged 
hypermetabolism to which the vessel walls are submitted during the 
secondary period. This further emphasises the need of curative men min's 
as early as possible in the second stage. That lesions enn lie caused 
in the 'walla of vesaels is emphasised by the fact that Hiisrlike and 
Fischer 1 * found the apiroclurta pallida attached to the vaaenlnr emlo- 
thelial cella and traced them into, and even through, the vessel walls. 

A ounlinal fcuitim* of the third stage* is the iloprmwil con¬ 
dition of the adrenal system.* Although lesions of the adrenals 
themselves arc rarely observed in syphilis, they are sufficient in 
some instances to cause bronzing and other manifestations of 
Addison’s disease. This bronzing is due to the exhausting stim¬ 
ulation to which the test-organ, and through it. the ndreno- 
thyroid center, is submitted during the secondary period.* 

That phyaical degeneration is a paramount factor of tertiary 
syphilis is generally acknowledged. The connection with the adrenal 
system is emphasized by the general adynamia and the pigmentation 
occasionally observed both in aeaiiireil and congenita] syphilis and 
also by the fact that Addison's disease may develop as a result of 
syphilitic infection, us in cases reportrd by Sacaze.'* ('Iiaiiveau, and 
others. The adynamia can hardly Is- always asrrilied to disease of the 
adrenals per k, for in a study of 100 autopsies of syphilitic children, 
Hecker** found the adrenals rarely involved, though Ouleke" found the 
adrenals of three rases out of eight of bona fide inherited syphilis, the 
seat of necrotic foci. JSngcl-lteiniers," KCIrst,* Wermnnn* and others 
have reported instances in which the thyroid was enlarged, thus indi¬ 
cating impairment of the functions of this organ. It is thus apparent 
that the two secreting structures of the adrenal system, tlie adrenals 
and thyroid, may, either dirertly or indirectly,, in* compromised l«y 
syphilitic Infection. 

The relationship of winner to syphilis is very interesting in this 
connection. The prevailing view is that syphilitics are proof against 
cancer. Indeed, Roger Williams 11 in an examination of 106 breast- 
cancer patients, did not And undoubted signs of syphilis in a single 
instance, while in ISO uterine-paiicer esses similarly examined, only 
one presented signs of having had syphilis. This is accounted for in 
some cones, from my ntand|mint, by the faet that during the secondary 
period, the blood la an rich in auto-antitoxin that the initial lenfon of 
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cancer la promptly counteracted, white during the tertiary period and 
the reeulting adynamia, the blood la too poor in auto-antitoxin to auatain 
the process of cellular growth to which the tumor ia due.' Various 
recorded instances seem to have proved that cancer cad be grafted on 
syphilis; but examined in the light of my views, their number ia 
aueject to reduction. Thus, A. Patterson" reported a case of acrotal 
tibithelfanna in which, notwithstanding repeated removal of neoplastic 
tissue, the wound refused to heal. On learning that the patient had 
been in the army, iodide of potassium was administered. The wound 
healed rapidly and the patient was still in good health when last seen, 
lu years later. Now, this case is ascribed to syphilis, but inasmuch 
as I have shown that the iodides are also capable of stimulating the 
adrenal system and thus curing cancer, syphilis may be eliminated in 
Patterson's case—os it could in all cases in which the diagnosis of 
syphilis is based on the results of antisyphilitic treatment. On the 
other hand, there are many cases recorded in which cancer will develop 
upon syphilitia leucoplakia, syphilitic scars, etc.—a sufficient number, 
in fact, to indicate that the supposed protection afforded by syphilis 
(aside from the secondary stage) is a myth. 

Treatment.—Syphilis is essentially a disease in which the 
adrenal system can he utilized advantageously by the physician, 
since the local primary sore and the general infection it en¬ 
tails, the secondary reaction, and even the typical expression of 
the third stage, the gumina, and to a certain extent the vas¬ 
cular lesions, can be influenced through this system.* The 
manner in which mercury and the iodides produce their cura¬ 
tive effects in this disease suggests itself in- view of their 
powerful stimulating action on the test-organ, and through it 
on the adreno-thyroid center.* This applies as well to thy¬ 
roid extract* which not only increases the functional activity 
of the adrenal system, but also, by adding thyroiodase (opsonin) 
to the blood, sensitizes the germs for the phagocytes.* 

In the first volume" I urgcftP "that simultaneous impairment of 
the functions of both the anterior and posterior pituitary bodies accounts 
for the ravages of syphilis,” and that it was through this system that 
iodine and mercury produced their beneficial effects. Thyroid extract was 
need by Ifenslea" as an adjuvant to other methods and is recommended 
by him. CkraladsS" used it in a very severe case, in which the aim 
nasi and one ear were destroyed by ulceration, besides marked adynamia 
and emaciation. The usual measure* having failed, thyroid gland was 
tried. On the third day improvement began; the ulcers healed promptly, 
all morbid phenomena ultimately disappearing. Champlln" states that 
where other remedies fail “thyroid gland, 2 grains (0.13 am.) three 
times daily with sodium bicarbonate, brings about results truly marvel¬ 
ous,” his report being bused on 20 cues. 
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Dazing the primary stag*, the use of thyroid extract, 3 
grains (0.8 gm.) every three hours, tlie first day, then after 
meals, is indicated as a prophylactic to increase the opaonio 
properties of the blood and tliereby render the pathogenic or* 
ganism more vulnerable to the phagocytes.* Mercurials alone 
are not protective at this stage. 

During the initial stage, the nhagncytm are alone entrusted with 
the protection of the body. Although mercury excites the adreno-thyruid 
center, the thyroidase produced is inadequate to raise materially the - 
sensitising properties of the blood. Neisser,* in fact, found that injec¬ 
tions of sublimate one hour after inoculation of the syphilitic* virus did 
not prevent development of a chancre near the sent of inoculation nor 
general infection. Nor does washing with a solution of sublimate 
(1: 4000 or 6000) proposed by Quinard* protect, a fact ascertained by 
Roux and Metchnikoff.’ 1 I only suggest thyroid extract, owing to the 
physiological action 1 attribute to it; but I know of no instance in 
which it has been tried. 

The second stage is essentially tin* stngu for mercury, 
since this drug excites violently the test-organ and correspond¬ 
ingly increases the proportion of auto-antitoxin in the; blood¬ 
stream.* The simultaneous use of thyroid gland in also indi¬ 
cated, however, to increase the vulnerability of tlie specific 
germs to the phagocytes, practically the only protective agents 
in the lymphatic system.* 

The effect of mercury—of stimulation of the adrenal system, from 
uiy standpoint—on tlie Hpirochwta fmlUdn was shown recently by 
Freund." As soon as tin* patients were given this remedy, these para¬ 
sites gradually became less numerous, until, after a course of inunctions^ 
they completely disappeared from tlie blood. Lydston" holds that “the'' 

alow, continuous and moderate uae of mercury”."without at 

any time producing its full physiological effects will generally bring 
about a euro that can be accomplished in no other way." This liur- 
monisea perfectly with the tntcrpsotatlon I have offered of tlie action 
of mercury, via., that salivation murks the beginning of occceelvc and 
destructive mercurialism. 

The third stage , though not h direct manifestation of the 
infection, affords three morbid processes of far-reaching patho¬ 
genic influence which can be antagonized by adrenal stimu- 
lnnts,* particularly thyroid gland and the iodides. These are (1) 
the general adynamia, which is offset by the greatly augmented 
oxygenation and general nutrition; (2) the pressure symptoms 
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* (which may cause various forms of paralysis) due to gummata, 
absorptiou being enforced through the fact that these agents 
promote leucocytosis, and therefore phagocytosis—a process 
which applies likewise to the production of the proteolytic 
triad (auto-antitoxin) which breaks down these masses; and 
(3) the mechanical constriction of arteries to which denutrition 
and atrophy of many structures are due, by increasing the 
general pressure (lowered during the third stage) and thus 
causing a greater volume of blood to circulate in all capillaries, 
including those of the cerebro-spinal system, the neuroglia, the 
neuro-fibrils, the neurons themselves and their nxis-cylindera, 
which are all adreiioxidasc-laden plasma channels.* 

That the condition* referred to are benefited by the iodides is 
so well known, that I deem it unnecessary to submit evidence. 

During the second and third stages, the alkalinity of the 
blood iB often greatly reduced, a fact which suffices to thwart 
the beneficial effects of the remedies used.* This lowered 
alkalinity is shown by a noticeable increase of blood-plates.* 
The use of alkaline waters and an increase of sodium chloride 
in the food,* all supplemented, if necessary, by large warm 
enemas of saline solution, aids the curative process materially 
by enhancing the osmotic and antitoxic power of the body 
fluids and facilitating the migration of leucocytes, including 
t,he phagocytes, where their aggressive, protective and repara- 
flve work is needed.* 

Txisdorfer, VOrncr” and others luivc olworvnl a large increase of 
blood-plates In the blood of syphilitics, irrespective of the stage. In 
the first volume* T pointed out that these blood-plates were droplets of 
adrennxhlase derived from the red corpuscles, which were visible only 
when the alkalinity of the blood was greatly reduced. 

As to the use of normal saline solution, Helneek** states that it 
lias been found valuable “in malignant forms of syphilis that fail to 
respond to the anti-syphilitic treatment.” Gaatou and Quinton** found 
that iMotonio injections of sea-water added to the medieinal treatment 
greatly enhance the curative process. 

Of course, the introduction of mlvarsan on the scene has 
relegated all other methods of treatment to the rear. 

Conubnital Syphilis. —In the definition I specified 
that the transmission of “syphilis” to offspring was in reality • 
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the transmission of a debilitated or quart-paresis of the adrenal 
By stem. I would suggest, as an efficient agent in these cases, 
thyroid gland. 

I append hereto the methode employed by T. W. Kilmer." by 
mercurials and iodides. Both these sgents being powerful stimulants 
•J ™ adrenal system, the results obtained are readily accounted for. 

Having employed the various forms of mercury in the treatment of 
anogenital syphilis,*’ writes Dr. Kilmer, "I have discarded practically 
all of them except the employment of bichloride of iHt'rrorp, adminis¬ 
tered by the mouth. This nas been, in my experience, the best method 
in which to use this drug. Ointment soils the clothing, and is soon 
discarded to the parents as being too dirty and troublesome. In using 
the bichloride of mercury I usually administer it in plain water to 
Infants, or in some simple vehicle to older children. Knelt teospoonful 
contains the desired dose of mercury. To nu infant 1 begin bv giving 
'/■ of a grain [0.00033 gra.l morning end night; to u child one to 
two years old, commence with '/» of n grain. [0.IMMMI5 gm.l morning 
and night, keeping this up for a few tlnvs, and then give him the same 
dose three times a day; then, after a day or two increase the dose to 
: /m of a grain |0.000(I5 gin.] to an infant of six months; or '/ m of a 
grain [0.0013 gin. I to a child one or two years old. If no symptoms 
of mecurialimtion are seen, which in infants occur in the form of loose, 
greenish stools, increase the dose slightly up to the aliateinent of the 
symptoms or the occurrence of hsisc, greenish stools. It is impossible 
to salivate an infant, ami the physiological limit to the administration 
of mercury Is manifested by the presence of loose, greenish stool* in 
nearly every case. 

“Infants bear the mercurials well. When the dose is renclied which 
causes either a diminution of the symptoms of syphilis nr loom*, green¬ 
ish stools, hold the patient at this dose until the symptoms of syphilis 
disappear. 

M It is oftentimes of advantage in older children to combine iodide. 
of potash in the form of the saturated solution, two or three drops 
three times a day up to a diminution of symptoms nr the production 
of an iodide roan. It is liest to give separate prescriptions for Him 
mercury and for the iodide of potash. The iodide is generally well 
borne 6y young children. 

“After the subsidence of all symptoms the child should lie examined 
monthly for six months, and then every two months for a while, and 
then every six months until puberty. It is always necessary, to my 
mind, to give these syphilitic children a one to two weeks’ course of 
antisyphilitic treatment out of even* six months until adolescence is 
reached, and then caution them to be examined twice a year for the 
remainder of their life. It is quite an easy matter to cure a patient 
with syphilis, but to keep him rvred is a far more difficult proposition I 
Aside from the medicinal antisyphilitic treatment, of course, a regime 
of proper diet and hygiene should be instituted.” 

PLAGUK. 

Synonyms. — Bubonic Plague.; Black Death ; Malignant 
Adenitie. 

Definition.—Plague—a virulent infectious disease charac¬ 
terised by the formation of buboes and the development in some 


■ T. W. Kilmer: Monthly Cjclo. of Prsct Mad., May. MOT- 
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cases of pneumonia—-Is due to the Kitasato-Yersin bacillus. 
On penetrating the lymphatic system, this germ multiplies 
therein, causing the characteristic lesion of the disease, the 
bubo, and secretes a toxin which tends to paralyse the sym¬ 
pathetic center in the pituitary body, and to inhibit the func¬ 
tion it governs, general nutrition. It is to the resulting 
adynamia that the development of pneumonia is due, through 
the agency of the ever-present pneumococcus.* 

I cannot do more in this connection, owing to want of space, than 
to submit the conclusions to which a study of the relationship between 
the ductless glands and bubonic plague has led me, reserving the evidence 
itself for another article to be published elsewhere. This section is 
only published here, in fact, for the benefit of those colleagues who are 
fighting this terrible disease in the East, and in the hope that the 
new ideas advanced aa to treatment may be of some slight use to them. 

Symptoms. —The true symptoms of the disease are usually 
preceded by a period of incubation varying from two days to a 
week, characterized by increasing weakness, and toward the 
end of the period by nausea and perhaps vomiting and vertigo. 
The acute stage is ushered in by rigors or a chill, the tempera¬ 
ture rising Bomewhcre between 101° and 105° F. (38.3° to 40.5° 
C.). The patient reels like a drunkard, owing to marked ver¬ 
tigo, and complains of violent headache and great lassitude. 
This sudden and early exhaustion is apparent in the features, 
the drooping eyelids, the apathetic air, and the evident indif¬ 
ference to surroundings constituting the facies pestica char¬ 
acteristic of the disease. The respiration is usually rapid, the 
pulse also; the conjunctivas are congested, and keratitis, iritis, 
•or panophthalmia is sometimes observed. The tongue is swol¬ 
len, show's the impression of the teeth, and is covered with a 
whitish fur resembling mother-of-pearl (Bulard). 

• In the bubonic form, the bubo appears during the first 
hours of the malady and is usually unique. In the order of fre¬ 
quency, it presents itself in the groin, the axilla, or the neck. 
It develops with rapidity, and is well advanced as early as the 
beginning of the second day, and is always very sensitive to the 
touch almost from the start The neighboring tissues are tume¬ 
fied and (edematous, especially in the parotid region. When 
this locality is invaded, oedema of the larynx is to be feared. 
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On the second day, the bubo is about the size of a pigeon's 
egg, and there is aggravation of all the constitutional symp¬ 
toms, the pulse reaching'sometimes 140. Delirium now ap¬ 
pears and the stage of apathy is replaced by one of excite¬ 
ment, during which the patient may try to get up. Physical 
disorders become manifest, fixed ideas predominating. Func¬ 
tional disturbances of speech are also frequently observed. On 
the third day, all the symptoms become si ill further aggravated, 
the pulse Teaching 140 or beyond, and the bubo attains per¬ 
haps the size of a hen’s egg, and suppurates. Occasionally it 
becomes gangrenous. Carbuncles may develop in different 
parts of the organism. Extensive petechia* are usual: the 
“plague-spots” of older writers. Hnimorrliages from mucous 
membranes, the nose, the lungs, etc., an* frequently observed. 
In some epidemics hwniorrliagcs are witnessed in all cases, the 
buboes assuming an lm*iuorrhagic type. 

Death, in the majority of fatal eases, generally occurs 
about the fourth day, either front toxic paralysis of the respira¬ 
tory or cardiac centers or from collapse. If the first four or 
five days—the acute stage—arc passed safely, the chances of 
recovery arc favorable. On the other hand, a stage of marasmus 
or profound depression may appear on the fifth day and the 
patient succumb on the sixth. Much depends upon the condi¬ 
tion of the heart. Some cases, especially in children, arc very 
benign, showing but an insignificant rise in temj>crature, slight 
inguinal or axillary pain, general depression and ephemeral 
torpor. Such cases, however, are apt to occur early in the 
course of an epidemic. On the whole, the disease bIiows a very 
high rate of mortality. 

In the pneumonic or septic variety there is profound 
* septicaemia. The pulmonary inflammation closely resembles 
commencing influenza (Lewin) and does not show clear physi¬ 
cal signs. It is a form of confluent lobar pneumonia without 
apparent or noticablc implication of the lymphatic system. 
It begins also with a chill, severe pain in the Bide, and more or 
less severe cough with rusty expectoration. The plague bacillus 
is always found in the latter. In this variety death may occur 
within twenty-four hours. 
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'Some epidemics exhibit symptoms representing t both 
varieties. 

Etiology and Pathogenesis. —The disease is due to a bacil¬ 
lus discovered by Kitasato, in 1894, and which is probably com¬ 
municated to men 'through the bites of insects, fleas especially, 
themselves contaminated by the blood of contaminated ani¬ 
mals, especially the rat. Filth and bodily neglect are predis¬ 
posing causes. When the. infection has occurred, the germ in¬ 
vades the lymphatic system and gives rise, as in syphilis, to 
buboes, the characteristic objective symptom of the disease. 

The relationship of the disease with the ductless glands 
is shown by various phenomena which the presence of the 
buboes does not explain, vis., the toxaemia.* The combination 
of marked exhaustion and weakness at the commencement- of 
the disease, the moist non-tremulous mother-of-pearl tongue of 
Bulard and the delirium and excitement on the second or third 
day, indicate the identity of the center affected, vix., the sym¬ 
pathetic center, and the character of the morbid process: in¬ 
tense depression or paresis of this center.* The tendency to 
capillary haemorrhages in the viscera and subcutaneous tissues 
points from a different direction to the nature of the peripheral 
disorder: paresis of the arteries, a fact further shown by the 
impaired nutrition of the peripheral tissues and bones,* which 
in some cases may even undergo necrosis. The intense muscular 
weakness is a normal outcome of this condition and to it also is 
due the development of pneumonia,* owing to the ubiquitous 
presence in the respiratory channels of the pneumococcus and 
its readiness to multiply when the vital functions are torpid. 

Fortunately, the test-organ is not influenced in the same 
way and soon reacts,* as shown by the rise of temperature, 
which may reach 105° F. (40.5* CL). In many cases, however, 
its reaction is inadequate* and the temperature does not exceed - 
101° F. (38.8* C.). Under these condition^ the case, if at all 
a severe one, rapidly assumes a lethal trend, the body’s defenses 
being unable to save it.* 

Treatment. —The main indications, in the light of my 
views, are three in number. The first of these is to raise the 
functional activity of the adrenal system to its highest possible 
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potential, to check the multiplication of the bacillus in the 
lymph and the blood.* Aa ita toxin is very sensitive to beat, 
both pathogenic elements are thus antagonised.* Mercury, of 
all agents, does this most promptly and should be injected intra¬ 
venously. The best agent for tiiis purpose is the biniodide, 
Vs t° Vi>grain (0.01 to 0.03 gm.) dissolved in 15 minims 
(1 gm.) of water every four hours, until the drat signs of 
mercurialism appear. It is painless when injected—prefer¬ 
ably in the. veins of the elbow. The test-organ being promptly 
stimulated, the blood is soon rendered richer in auto-antitoxin, 
and the phagocytes which penetrate into tho lymph-channels 
and glands likewise.* This salt does not contain enough 
iodine to increase adequately the proportion of thyroidasc 
(opsonin) and the bactericidal activity of the phagocytes.* 
Sodium iodide, 15 grains (1 gm.) in a large glass of water, 
should be given orally with each dose of mercury and continued 
every four hours after the use of the latter drug is stopped. 

Pending the action of these agents, adrenalin chloride, 
1-1000 solution freely diluted, may be given hypodermically, 
remembering, however, that its effect can only be ephemeral, 
since it is promptly converted into adrenoxidase.* 

Far more efficient, however, is Yersin and Rotate eervm, 
which corresponds, in composition, with the auto-antitoxin that 
accumulates in the blood under tho influence of the above- 
mentioned drugs.* The failure of this serum in a large pro¬ 
portion of cases is due to the fact that it only increases the 
blood’s asset in auto-antitoxin, without exciting the adrenal 
mechanism.* As an adjunct* to adrenal stimulants, mercury, 
for example, should prove invaluable.* 

The main indication is to consider those remedies as sheet-anchor 
which will evoke the strongest weapons that the body can muster. 
Mercury has been used extensively in plague, but either as a purgative, 
or combined, or given simultaneously with agents which counteract Its 
beneficial effects. H. Lorens" states that patients "show toleration 
for large doses of sublimate, taking as much as l‘/» grains (0.1 gmjin 
twenty-four hours without signs of salivation or stomatitis. They 
improve under the action of the drug." This applies likewise to iodine, 
which has been found of great value bv a large number of practitioners. 
Guitar, of Bombay," for example, gives the following rtport of the 
results obtained with iodine twchlonde:— 
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Alttonrii this report l eem i extraordinary and make* one wonder 
why the mortality of plagua ia ao gnat, the fact remaina that It Bhows 
at leant that iodfn la not harmful in tin diaeaaw and that the indioa* 
tiona which I anbmit are warranted. 

The um of adrenalin chloride haa been extolled by Chokqr, of Bom¬ 
bay," for cardiac failure In plague. He atatea that “a marked change for 
the better waa aoon apparent u the condition of the patlenta after they 
were put under adrenalin.” I have ahown under “Antitoxin” that all 
aera were in reality the auto-antitoxin of the animal from which the 
“antitoxin” ia obtained. The value of Yerala and Boux*a aerum aug- 
geata itaelf under theae condition*. 

Hie second indication is to restore the normal caliber of 
the arterioles by stimulating powerfully the sympathetic cen¬ 
ter. A careful selection of drugs is necessary here. Exces¬ 
sive constriction of these vessels would greatly diminish the 
volume of blood admitted to the capillaries. It is advisable, 
. therefore, to avoid opium, the coal-tar products, and all anal¬ 
gesics in fact, as these agents reduce pain by causing marked 
constriction of the arterioles, which would mean added torpor 
of the lymph-stream and freedom to the plague bacilli to pullu¬ 
late.* Hie Mm should be to employ an agent capable of com¬ 
pensating for the reduced caliber by an augmentation of the 
propulsive .activity at the vessel.* We have precisely such an 
agent in atropine, which, besides, is capable of stimulating the 

test-organ and therefore of increasing the volume of auto-anti- 
_ • 
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toxin in the blood.* A dose of grain (0.00065 gm.) 
with each dose of sodium iodide suggests itself, but much laiger 
doses would probably be necessary to overcome the torpor of 
the sympathetic center due to the toxin.* 

Atropine bas likewise been uwd in plague, but practically always 
with drug! capabl e of counteracting its action. Where such has not 
been the ease, however, it haa shown distinctly its value. Thus, R. Row 4 * 
says that in August and September, 1809, be tested atropine in the treat* 
men! of 07 eases of plague. To these he adds the 291 coses of Major 
R. J. Wlndle, and ?8 eases .treated fay Dr. A. Turkhud in November and 
December. The most prominent feature observed in the treatment wa* 
the condition of the bubo, which either subsided completely or remained 
aa a hard nodule, which, in some eaaee when eut into, showed a mam of 
slough with hardly any pus. Personal esses gave scarcely 14 per cent, 
of suppurations, and It was Interesting to note that the smaller the dosn 
of atropine administered, the more frequently suppurations were found. 
Pome eases not treated with atropine showed 84 per cent, of suppura¬ 
tions. The localisation of the bubo Indicated a favorable termination of 
the iflsncwi Aa to the sloe of the dace, Dr. Row states 0 drops of the 
liquor atrophia sulph. failed In some instances to cause contraction of 
the pupil, and that such eases, as a rule, fared badly. From my view¬ 
point, the sympathetic center had been paralysed by the toxin, and 
reacted no morn to atropine than to any other agent—except, perhapa, 
mercury. 

The third feature of the treatment is to maintain the 
fluidity of the blood and lymph, their osmotic properties.* 
This factor is of especial importance in all diseases in which, 
as in plagne, the lymphatic system is primarily involved, since 
any degree of abnormal viscidity of the lymph, by slowing the 
speed of the current, retards transmission of- the pathogenic 
germs to the blood, where they are most readily destroyed.* The 
indications outlined on page 1367 are eminently applicable in 
the present connection. 

Prophylaxis.—In the light of the above facts, to protect 
the body against plague infection, the protective activity of 
the adrenal system should be Increased by remedies able to 
excite the test-organ.* Haffkine’s prophylactic fluid owes its 
proper t ies to such an action,* while the serum of Yersin end 
Bonx is the antitoxin itself. Thyroid gland, 2 grains (0.13 gm.) 
after meals, suffices to increase markedly the anto-antitoxm In 
the blood;* the iodides of mercury and also iodine 2nd its 
preparations are both, we have seen, capable of enhancing power¬ 
fully the efficiency of the body's auto-protective m e chanis m, * 
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Abdominal tnbu. 1188. 

Aoatanllld, UN; physiological action. 
UN; therapeutics, 1W; untoward 
effects and polaonlng, INI. 

Aconite, 1847; physiological action, 
1847; therapeutics, IM; untoward ef¬ 
fects and polaonlng, 1M7. 

Active agent of tbs ozldlelng aub- 
atance, adrenal accretion aa the, Ml. 

Active principle of the adrenal secre¬ 
tion aa the active agent of tbe oxi¬ 
dising aubatance. Ml. 

Active principle of adrenoxldaae aa 
the dynamic element of life, M, 
Ml; aa the ferment of the coagula¬ 
tion ferment, and renaln aa “fibri¬ 
nogen proper," MB; aa tbe ferment 
of pepsin, MB; aa tbe ferment of 
ptyalln, amylopaln, lipase and mat 
taae, and of the diastase which con¬ 
verts glycogen Into auger, fid; aa 
the ferment of trypaln, H7. 

Adenitis, malignant, 1B07. 

Adrenal active principle aa the dy¬ 
namic element of life, NB; aa the 
ferment of ferments, 861, 878. 

Adrenal extractives, 1188; physiolog¬ 
ical action, UN; polaonlng, 1111; 
thorapoutlca, 1178. 

Adrenal accretion aa the active agent 
of the oxidising aubatance, active 
principle of the. Ml; as the blood 
oqpatltuent which taken up the oxy¬ 
gen pf the air, 8M; aa the constit¬ 
uent of hmmoglobln, SB. 

Adrenal system aa Immunising mech¬ 
anism, and cancer, UN; aa the auto- 
(mmunlalng mechanism of the or¬ 
ganism, 1078; convulsive d isea ses due 
to hypoactldty of, MM; disorders 
duo to hyperactivity of the, 1848 ; 
in the catarrhal and nervous dis¬ 
orders of the respiratory tract, INI; 
in the diseases of the alimentary 
canal, 11U; In dlsaaaaa of tho blood, 
1T1B; In Infections of tho lungs, 1IN, 
UN; la Infscthma of tho lymphatic 
sy s t em. 11B; pain-causing di s o rd e rs 
due to hypoaetlvlty of the, 1480. 

Adrenalin, UN. 


Adrenals la respiration, accretion of 
the, 8M; thyroid apparatus and an¬ 
terior pituitary combined aa the 
auto-lmmunlslng mechanism of tho 
organism, 1078; pituitary body aa tbe 
governing center of the, 1000. 

Adrcco-thyroid center, posterior pitui¬ 
tary the acat of the, 1180. 

Adrenoxldaae, 8S0; active principle of, 
aa the dynamic element of life, N/ 
Ml; adrenal accretion as the active 
agent of. Ml; aa the albuminous 
constituent of hwmoglobln, 8B; as 
a constituent of enteroklnaac and of 
trypaln, 8C1; aa the ferment of the 
coagulation ferment, 888; aa the fer¬ 
ment of pepsin, active principle of, 
016; aa the ferment of ptyalln, active 
principle of. BN; aa a respiratory 
constituent of all organisms, U8: aa 
"aecretln," 807; hydrolytic ferments 
aa compound bodies containing a 
symogen, nucleo-proteld and, MB; la 
the functions of the nerve-celt, 818; 
In the nervous elements as a cause 
of pain, 1807; red eoryuaoleo aa 
storage-cells for, BN. 

Adrenoxldaae plus nueleo-proteld as 
enterohinase, B7. 

Albuminous constituent of hamo- 
globln, oxidising substance (oxidase) 
aa the. Bit 

Alcohol, IBB; physiological action, 
IBS; therapeutics, IBB; untoward 
effects, 1830; valueless aa a food, 
1838. 

Alimentary canal, adrenal system In 
the dlassees of the, 1780. 

Alkaline carbonateo, 1007. 

Alkaline salts, IMBl 

Alveolar aareoma, 1408. 

Amyl nitrite, IBM: acute poisoning; 
IM; physiological action, UN; ther¬ 
apeutics, 1881. 

Amylopsia, active principle of adre- 
noxidaao aa tho ferment of, MS. 

Ananla. 1771; definition, 1771; due to 
hraorrikags, 1774: a ymplnm a l alag y. 
pathology, and pathogenaota. 1771; 
trsatxasnt, 1177. 
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A naan la, idiopathic, 1771. 

Anrnmla, pernicious, 1778. 

Anas thesis, mnlcil, exaltation of the 
Tuonotor center and, 1M. 

Analgesics, sympathetic canter In ac¬ 
tion of, 1170 . 

Angina pectoris, lGB; definition, IMS; 
pathogenesis, ISM: symptoms, USB; 
treatment, 1570. 

Angiosarcoma, MSB. 

Anterior pituitary as a lymphoid or¬ 
gan, 1037; thyroid apparatus and ad- 
, renaie combined aa the auto-lmmu- 
nlslng mechanism of the organism, 
1078. 

Antlpyrln, U88; action as an anal¬ 
gesic, 1886; action as antipyretic, 
1884; physiological action, 1888; ther¬ 
apeutics, 1881; untoward effects and 
poisoning, 1888. 

Antitoxins, 1177; physiological action, 
1181; source and chemical nature of, 
1177; therapeutics, 1184; untoward 
effects, 1188. 

Anuria. 1818. 

Apoeynum, 1885. 

Apomorphlne, 1880. 

Apoplexy, 1673. 

Arsenic, 1310; acute poisoning, 1814; 
chronic poisoning, 1318; physiological 
action, 1310; therapeutics, 1317; un¬ 
toward effects, 1318. 

Arterioflbroals, 1648. 

Arteriosclerosis, 1648; definition, 1648; 
pathogenesis and pathology, 1648; 
symptoms. 1648; treatment, 1680. 
Asiatic cholera, 17Bl 
Aspiration pneumonia, 1081. 

Asthenic glycosuria, 1687; definition, 
1687; pathogenesis and pathology, 
1008; symptoms and etiology, 1688; 
treatment, 1808. 

Asthma, 1888. 

Asthma, bronchial, 1088; definition, 
1888; pathogenesis and pathology, 
1781; symptoms, 1888; treatment, 
1706. 

Asthma, hay, 1708. 

Asthma, spasmodi c, IBM. 

Atheroma. 1648. 

Atropine, 1310. 

Auto-anti toxin, drugs which enhance 
the formation of, 1184. 1801. 
Auto- pr o ts ctiTe substance, internal se- 
craUoaa as the body’s. 1888. 
Autumnal fever. 1188. 


Belladonna and atropine, 1H0; physio¬ 
logical action, 1X10; therapeutics. 
1814; untoward offsets and poison¬ 
ing. 1818. 

Billons headache, 1811 

Black death, 1807. 

Bleeder's dispose, 1781- 

Blood, d i seas es of the, adrenal sys¬ 
tem In, 1778. 

Biood-plasma aa homologna of sea¬ 
water. 1888. 

Breast-pang, 1686. 

Bromides, 1388; acuta poisoning, 1841; 
physiological action, 1888; therapeu¬ 
tics, 1848. 

Bromlsm, 1888. 

Bronchial asthma, 1889. 

Bronchial catarrh, acute, 1888. 

Bronchitis, acute, 1888; definition, 
1888; etiology and pathogenesis, 
1888; symptoms and pathology, 1883; 
treatment, 1886. 

Bronchitis, capillary, 1881. 

Broncho-pneumonia, 1881; definition, 
1881; etiology and pathogenesis, 1888; 
symptoms, 1881; treatment, 3686. 

Brnnsing, haemoglobin and, 886. 

Brucine, 1881. 

Bubonic plague, 1807. 

Caffeine. 1881. 

Calcium, 1373. 

Calomel, 1144, 1388. 

Cancer, 1880; definition, 1880; patho¬ 
genesis end pathology, 1887; prophy¬ 
laxis. 1431; symptoms, 1881; treat¬ 
ment. 1413. 

Cancer, encephaloid. of the mammary 
gland, 1388. 

Cancer, external, 1881. 

Cancer immunity, I486. 

Cancer, internal, 1808; of the gall¬ 
bladder, 1386; of the inteetlne, 1396; 
of the larynx, 1894; of the liver, 18K; 
of the mammary gland, 1888; of the 
oesophagus, 1384; of the pan cress, 
UK; of the peritoneum, 1M; of the 
rectum, 1387; of the skin, 1301; of 
the stomach, UB4; of the tongue, 
UK; of the uterus, UK 

Cancerous cachexia, 1411. 

Capillary bronchitis, URL. 

Carbolic sold, 1311. 

Carcinoma, colloid, 1404; cylindrical, 
1404; granular. 1404; soummoua, 1404. 

Cardiac dropsy, calom el In. UK 

Castor oil. 1877. 

Getarrii, pollen, 1700. 

Catarrh. sugOcative, INI. 
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Catarrh, nano; lfK 

Catarrhal dlaordsn of tha respiratory 
tract, adrenal system In, 1SL 

Catarrhal antarltla, acute, 1717. 

Catarrhal antarltla, almplfe acuta, 1700. 

Catarrhal pneumonia. U8L 

Catarrh os mstlvus, 17M. 

Cellular Ufa, potassium In, lilt 

Cerebral apoplexy, 1673, 

Cerebral hwnorrhage, 1673; deflnltlon, 
UTS; pathoaeneala and pathology, 
Uli; symptoms, 1673; treatment. 
1673 . 

Chloremia, 1734. 

Chloral, 1118 ; chronic polaonlna, 1333; 
physiological action, 1318; therapeu¬ 
tics. 1333. 

Chloranamla, 1784. 

Chloride of sodium, 1887. 

Chloroform. 1384; danger signals, 1388; 
physiological action, 1 M; untoward 
effects, 1M 

Chlorosis, 1784; deflnltlon, 1784; etiol¬ 
ogy and pathogenesis, 1787; sympto¬ 
matology and pathology, 1784; treat¬ 
ment, 1788. 

Cholera alglda, 1730. 

Cholera Asiatics, 1730; deflnltlon, 1730: 
pathogenesis and pathology, 1733; 
prophylaxis, 1733; aymptoma, 1730; 
treatment, 1730. 

Cholera, dry, 1733. 

Cholera, epidemic, 1730. 

Cholera, Infantile, 1737. 

Cholera Infantum, 1737; deflnltlon, 
1737; pathogeneala and pathology, 
1738; aymptoma, 1737; treatment, 1740. 

Cholera maligna, 1730. 

Cholera morbus, 1734; deflnltlon, 1734; 
pathogeneala and pathology, 1736; 
aymptoma, 1734; treatment, 17301 

Cholera nostras, 1734. 

Cholera sMcrana, in. 

Cholera, sporadic, 1734. 

Coca and cocaine, 1313; physiological 
action, 1333; therapeutics, 1338; un¬ 
toward effects and poisoning, 1338. 

Coealnlam, 1337. 

Codeine, 1381. 

Colitis, mucous, 1738. 

Colitis, ulcerative, 1768. 

Colloid carcinoma, 1404. 

Common sensibility, neural lobe of 
the pituitary as the seat of, and as 
the'general motor center, 006. 

Congenital syphilis. 1808. 

Conjugal glycosuria, 1887. 

Oeavallarla, 13m. 

Convulsions, Infantile, 1171. 
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Convulsive diseases due to hypoactlv- 
Ity of the adrenal system. 1488. 

Coryaa, Idiosyncratic, 1708. 

Creosote, creosote carbonate, gnaiaeol 
and gualacol car boosts. 1167; physi¬ 
ological action, 1367; therapeutics, 
1180; untoward effects and poisoning, 
1360. 

Croton oil, 1377. 

Croupoua pneumonia, 10E8. 

Cutaneous sarcoma, 1303. 

Cylindrical carcinoma, 1404. 


Death In Infections, absence of min¬ 
eral salts an cause of, 1370. 

Declduoma mallguum, 1404. 

Defensive properties of the blood, 
drugs which enhance the, 1134. 

Deglutition pneumonia, 1081. 

Dlabfte feraasd, 1087. 

Mahtle malgrr, 1687. 

Diabetes declplens, U07. 

Diabetes mellltua, 1683; deflnltlon, 
1683; diet, 1686; pathogenesis and 
pathology, 1686; aymptoma, 1683; 
treatment. 1681. 

Diaphoretics, 1380; physiological ac¬ 
tion, 1380; therapeutics, 1383; un¬ 
toward effects and acute poisoning, 
1383. 

Dterrhow, acute, 1760. 

Dlarrhusa, chronic, 1768. 

Diarrhcea, dyspeptic, 1743. 

Dlarrhma, Infantile, 1743. 

Diarrhoea, summer, 1743. 

Diarrhea, tropical, 1783. 

Diastase which converts glycogen into 
sugar, active principle of adranoal- 
daae an the ferment of, 883. 

Digitalis, 1316, 1887; physio logical ac¬ 
tion, 1816; therapeutics. ISM; un¬ 
toward effects and poisoning, 1818. 

Disorders due to hyperactivity of the 
adrenal system, 1648. 

Diuresis, 1118. 

Diuretics. 1387. 

Drugs which b ecome constituents of 
the tissue-cells, 1348. 

Drugs which enhance the defensive 
properties of tho Mood, 1184. 

Drugs which promote tho *—■h— of 
aate-antttealn, 13BL 

Dry cholera, 1733. 

Dynamic element of Ufa, active prin¬ 
ciple of adranoaSdaac as tha, 833, 841 1 
adrenal native pr t n ct pla as tha, M 

Dyapeptlo dlarrhma. 1M 
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Halampala, Infantile, Mil.. 

Belimprii, puerperal, 1471. 

Bhrlleh’a aide-chain thtorjr, HIT. 

iBMlitlBi diabetes, 1*87. 

Emetics, 1178; physiological action, 
1171; therapeutlos, 1180; untoward 
■beta and poisoning, 1178. 

■noephalold cancer of the mammary 
•land, 1M 

Bndarterltia obronlca deformana, IMS. 

Enteric favor, 1758. 

Enter!tla, acute, 1750; definition, 1750; 
pathogeneaia and pathology, 1751; 
symptoms, 1751; treatment, 1758. 

Enter!tla, acute catarrhal, 1717. 

Bnterltle, chronic, 1751; definition, 
1758; pathogeneala and pathology, 
1754; aymptoma, 1753; treatment, 
1756. 

Enteritis, almple acute catarrhal, 1750. 

Entera-eolltle, acute, 1748. 

Kntero-colltla, chronic, 1758. 

Enteroklnaae, adrenoaldaae aa a eon- 
atltuent of, 851. 

Enteroklnaae, adrenoaldaae plua nu- 
cleo-proteld aa, 867. 

Epidemic, cholera, 1780. 

Epilepsy, 1464; dellnltton, 1454; etiol¬ 
ogy, 1457; pathogeneala, 1457; pathol¬ 
ogy, 1454; aymptoma, 1464; treat¬ 
ment. 1406. 

Epllepay, Jacksonian, 1457, 1486; treat¬ 
ment, 1478. 

Epllepay, major, I486. 

Epllepay, minor, 1454. 

Epllepay, reflex, treatment, 1478. 

Bplleptoid disorders, 1478. 

Eplnephrln, 1188. 

Epithelioma, 1404. 

Ergot, 1888; physiological action, 1888; 
therapeutics, 1888; untoward effects 
and polaonlng, 1885. 

Ergotism, chronic, 1885. 

Brythrol tetranltrata, 1867. 

Ether, 1888; danger signals, 1808 ; 
physiological action, 1888; untoward 
effects, 1801. 

Ether pneumonia, 1870. 

Eucalyptus, 1848. 

Excitation of the vasomotor center 
and surgical an Bethea la, 1888. 


railing evil, 104. 
railing Ota, 1454. 
railing ate knees, 1484. 

Pennant of the coagulation ferment, 
active principle of adrenomldaoo aa 
the. 888. 


raiment of ferments, adrenal active 
principle aa the, SO. 871. 

raiment of papain, active principle 
of adrenontdaee ae the, 875. 

Ferment of fftynlln, amylopeln, llpaae, 
and maltaee, and of dlaataao which 
converts glycogen Into sugar, active 
principle of adrenoaldaae aa the, 868. 

rarment of tissue-cells, lencocytlo fer¬ 
ments aa the Intraoellnlar, 907. 

Ferment of trypsin, active principle of 
adrenoaldaae aa the. 867. 

Fermenta, leucocytic, aa the Intracel¬ 
lular fermenta of tlaeue-cella, 807. 

Fever, 1801. 

Fibrinogen proper, rennln aa, 080; 
aymogeu of, 888. 

Flbrlnoua pneumonia, 1858. 

Fright glycoaurta, 1687. 

Gall-bladder, cancer of, 1886. 

Gastro-enteritis, acute, 1748. 

General motor center, neural lobe of 
the pituitary aa the seat of common 
sensibility and the, 885. 

Giant-celled sarcoma, 1406. 

Glycogen Into sugar, dlaataao which 
converts, SIS. 

Glycoaurta, 1588. 

Glycosuria, asthenic, 1587. 

Gout, 1500; dellnltlou, 1600; pathogene¬ 
sis, 1608; pathology, 1500; prophylac- 
tlo treatment of, 1510; aymptoma, 
1600; treatment, 1514. 

Gouty diathesis, 1500. 

Granular carcinoma, 1404. 

Granulations of leuoocytes and adre- 
noaldaae In the fu notions of the 
nerve-cell, 015; aa the granules 
(mtcroeomea) of tlaeue-cella. 000; aa 
tha living substance, 886, 987. 

Granules of tlaaue-cells, granulations 
of leucocytes aa the, 888. 

Green sickness, 1784. 

Gualacol, 1880. 

Gualacol carbonate, 1880. 

Haemoglobin, adrenal accretion ea the 
constituent of, 858; and bran sing, 
886; oxidising substance (oxldaac) 
aa the albuminous constituent of, 

Hamophilla, 1181; definition, 1781; eti¬ 
ology and pathogeneala, 1188; symp¬ 
toms and pathology, 1781; treatment, 
1188. 

Hmmophilla, spo r ad i c, 1781. 

Hay asthma, 1750b 

Hay-fever, 1708. 
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Headache, billons, mi; sick, l». 
Hemlcranla, INI. 

Heroin, mi. 

Herpes, soeter, 1514. 

Homatroplne hydrobroml&e, llli. 
Hydraatlnlne. 1MB. 

Hydrastis, 1MB. 

Hydrolytic ferments as compound bod- 
lea contalnlna a zymogen, nucleo- 
protold and adrenoxldaee, 878. 
Hydrophobia, 14M. 

Hyoocyamlne aulpbate, 1111. 
Hyoacyamua, 1*16. 

Hyperactivity of the adrenal ayetem, 
disorders duo to, 1648. 

Hypenosthetlc rhinitis, 1708; dellnl- 
tlon, 1708; etloloay and pathogenesis, 
1711; prophylaxis, 1712; symptoms, 
1708; treatment. 1712. 

Hypnotism, IMS. 

Idiopathic anemia, 1778. 

Idiopathic tetanus, 1441. 

Idiosyncrasy, 1208. 

Idiosyncratic coryza, 1708. 

Ileo-colltls, acute, 1700. 

Immunity, 1887; In cancer, 1428. 
Immunizing functions, pituitary body 
as the governing center of tho 
body's, 880. 

Infantile cholera, 1737. 

Infantile convulsions, 1472; treatment, 
1478. 

Infantile dlarrhma, 1742: definition, 
1742; pathogenesis and pathology, 
1743; symptoms, 1742; treatment, 
1748. 

Infantile eclampsia, 1472. 

Infectious di sea s es of the lungs, ad¬ 
renal system In, 1808, 1868 . 
Intermittent tetanus, 14M. 

Internal secretions as the body's auto- 
protective substanee, 10M. 

Intestinal catarrh, acute, 1780. 
Intestine, cancer of the, 1388. 
Intracellular ferments of tlasue-rella, 
leucocytic ferments as the, 807. 
Iodides. 1188. 

Iodine and the Iodides, 1188; acute 
poisoning, 1187; physiological action. 
1188; therapeutics, 1188. 
lodlsm, 1183. 

Ipeeae, 1280. 

Iron, 1287; physiological action, 1247; 
poisoning, 1248; therapeutics, 1248. 

Jaborandl, 1380. 

Jacksonian epilepsy, 1487, 14M; treat¬ 
ment. 1471. 

Juno cold. 1708. 


Larynx, cancer of, 1281 . 

Leucocytes, anterior pituitary aa a 
lymphoid organ in which the pro¬ 
ducts of. are exposed to tbe test- 
organ, 1837; as the distributors of 
remedies and poisons. 1027; as the 
granules (mlcroeomrs) of tissue- 
cells, granulations of, 888; as the 
purveyors of the thyroid and para¬ 
thyroids. and as the secreting reiia 
of these organa, 1067; aa tissue 
builders, 888; granulations of, and 
adrenoxldaae In the functions of tbe 
nerve-cell, 816; granulations of, aa 
living substanee, MB. 827. 

Leucocytic ferments ss the Intracellu¬ 
lar rerments of tlasue-rella, 807. 

Life, active principle of adrenoxldaae 
as the dynamic element of, 833, 841; 
adrenal active principle as the dy¬ 
namic element of, 885. 

Lipase, active principle of adrrnoxl- 
dase os the ferment of, 362. 

Llthiemln, 1500. 

Lithium, bromides of, 1338. 

Liver, cancer of the. 1385. 

Living substance, granulations of leu¬ 
cocytes aa the, 886, 827. 

Lobar pneumonia, ISO. 

Lobular pneumonia, 1HI. 

Lockjaw, 1437. 

Lucs, 1785. 

Lues venerea, 1795. 

Lungs, adrenal system In the Infec¬ 
tious diseases of the. 1808, 1658. 
Lymphatic system, adrenal system In 
Infections of the, 1786. 

Lymphoid organ, anterior pituitary as 
a. 1037. 

Lymphosarcoma, 1406. 

Magnesium citrate, 1377. 

Magnesium sulphate, 1377. 

Mdllgnant adenitis, 1807. 

Maltose, active principle of adreaoxl- 
dase aa the ferment of, 863. 

Mammary gland, cancer of, 1382. 

Marine salts as participants In the de¬ 
fensive functions, 1387. 

Mechanism of vasodilation and Its re¬ 
lations to organic function, 1118. 
Mercury, 1148; acute poisoning, 1186: 
physiological action, 1148; therapeu¬ 
tics. 1167: untoward effects, 1160. 
Mercurlallsm, 1162. 

Mlcroamnes of tissue-cells, granula¬ 
tions of leucocytes as the, 886. 
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WinlM, 1533; dednltlon, IBS; etiol¬ 
ogy u< pathogenesis, IBS; prophy¬ 
laxis^ UN; aymptoma and pathology, 
IBS: treatment, IBS. 

Uorbna cadncus, MM. 

Morbus hoot. 1454. 

Morbus vlrglnoua, 1754. 

Morphine, 1373 

Morpblntem, 1373 

Morpblnomenla, IU1 

Motor center, general, nenrel lobe of 
the pituitary aa the eeat of common 
aenalblllty and as the, MB. 

Mucous colitis, 1751. 

Mustard, 1375. 

Need of a secretion to account ter the 
respiratory procsss, 501. 

Nerve-cell, granulations of leucocytes 
and adrenosldaae In the functions of 
the, 51B. 

Nerve-paths from the pituitary to the 
spinal cord, 973. 

Nervous disorders of the respiratory 
tract, adrenal system In, ISM. 

Nervous fever, 1755. 

Neural lobe of the pituitary aa the 
seat of common sensibility and as 
the general motor center, 596; aa the 
eeat of the sympathetic center. 5B. 

Neuralgia, 16M. 

Neuritis, Including neuralgia, tic dou¬ 
loureux, sciatica and sons (shingles, 
herpes soster), IBB; definition, IBM; 
etiology and pathogenesis, IBM: gen¬ 
eral pathology, IBM; symptoms and 
pathology, IBM; treatment, 1B41. 

Nitre, 1853 

Nitroglycerin, 1X4; physiological ac¬ 
tion, 1354; ' therapeutics, IBM; un¬ 
toward effects and poisoning, 1X3 

Nitrous oxide, UM: danger signals, 
1306; physiological action, ISM; un¬ 
toward offsets, 1X3 

Nucleo-protstd and adrenosldaae, hy¬ 
drolytic ferments as co m pound bodies 
containing a aymogsn, 573 

Nucloo-protsld plus adrenosldaae as 
enterohlnass, 557. 

CBeophagua, cancer of, 1154. 

Opium and morphine. Ml; action aa 
analgesic, 1373; action as hypnotic. 
1375; acute poisoning, 1315; physio¬ 
logical action, 1313; therapeutics, 
1313 

Opsonlns, 1053; aa the thyroid oecre¬ 
turn, 1053 

Organic function, vasodilation and Ita 
relations to, 1113 


Oxidase ss a respiratory constituent of 
oil o rgani s ms , M3; ss the albumin¬ 
ous constituent of hemoglobin, 313 
Oxidising substance (oxidase) ss a re¬ 
spiratory constituent of all organ- 
lama, 813; aa tha albuminous con- 
. stltuent of hemoglobin, SB; rad cor¬ 
puscles as storage-cells for the, 533 
Oxygen of the air, adrenal secretion 
an the blood constituent whleh febeo 
up the, B3 
Oxytocins, 1883 


Pain, adrenoxidase in nervous ele¬ 
ments ss n cause of, 1357. 

Pain-causing disorders dne to hypo- 
activity of the udraml system, 14M. 

Pancreas, cancer of the, 1353 

Paraldehyde. 13B; poisoning, 1834. 

Parathyroids, leucocytes aa the pur. 
vsyoru of the, 1057. 

Peach cold, 1705. 

Pepsin, active principle of adreuoxl- 
dsso as the ferment of, 813 

Peritoneum, cancer of, 1353 

Pernicious anmmia. 1778; definition, 
1775; etiology end pathogenesis, 1751; 
symptoms and pathology, 1775; treat¬ 
ment, 17B. 

Pertussis, 1715; definition, 1713; etiol¬ 
ogy and pathogenesis, 1717; symp¬ 
toms, 1715; treatment, 1717. 

Phosphorus, 1350; chronic poisoning, 
1X7; physiological action, 13M; ther¬ 
apeutics, 1357; untoward effects and 
aeuta poisoning, 1363 

Phthisis, 1505. 

Physiological excitant of the toot-or¬ 
gan, thyro-para thyroid secretion as 
tha, 1057. 

Pilocarpine, 1353 

Pituitary body as a nerve-ce n ter, IX: 
an tha governing canter of the ad¬ 
renals sad aa the thermogenic and 
rcoplratory center. 10M; aa the gov¬ 
erning center of the body’s Immu¬ 
nising functions, ISO; nerve-paths 
from tha, to the spinal eord, 373; 
neural lobe of the, an the sent of 
.common sensibility and as the gen¬ 
eral motor center, IK; neural lobe 
of the. ss the soot of the sympa¬ 
thetic canter, 80. 

Plague, 1307; definition. 1507; etiology 
and pathogen sots, IMP: prophylaxis, 
13U: symptoms, 18X; treatment. 
1333 
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Pneumonia, ISt; complicetione, 1887; 
definition, 1W; etiology and patbo- 
genesls, 1887; symptoms and patbol- 
acr, 1880; treatment, 1871. 

Pneumonia, aeration, 1881. 

Pneumonia, broncho-, 1881. 

Pneumonia, catarrhal, 180 . 

Pneumonia, croupous, 1888 .- 

Pneumonla, deglutition, 1881. 

Pneumonia, fibrinous, 18GB. 

Pneumonia, lobar, 108 . 

Pneumonia, lobular, 1881 . 

Pneumonitis, 1888. 

Poisoning, acetanllld, 101; aconite, 
1M7; adrenalin, 1118; alcohol, 1830; 
amyl nitrite, lfil; antipyrin, 1288: 
arsenic 1313; atropine, 1313; bella¬ 
donna, 103; bromide, 1311; cbloral, 
1388; chloroform, 1388; coca and co¬ 
caine. 1335; creoeote, 13G8; digitalis, 
109; ergot, 1385; ether, 1301; Iodine, 
1183, 1181; Iron, 1348; mercury, 1160, 
1163; morphine, 1378, 1378; nitrous 
oalde, 1308; nitroglycerin, 13GG; 
opium, 1378; paraldehyde, 1334; phos¬ 
phorus, 101, 107; pilocarpine, 13S; 
quinine, 1343; etrophanthue, 1334: 
strychnine, 130; sulphonal, 130: 
trlonal, 1335; veratrum vlrtde, 1344. 

Pollen catarrh, 1708. 

Posterior lobe of the pituitary the seat 
of the adreno-thyroid center, 110; 
ae the neat of common aonalblllty 
and aa the general motor center, 
986. 

Potassium and sodium tartrate, 1377. 

Potassium bitartrate, 1377. 

Potassium, bromides of, 1338. 

Potassium In cellular life, 1373. 

Potassium phosphates, 1387. 

Potassium tartrate, 1377. 

Fox, 170. 

’ P rese n t statue of therapeutics. 1113. 

Progressiva pernicious anremls, 1778. 

Ptyalln, active principle of adrenoxl- 
daas oa the ferment of. 883. 

P uer per a l convulsions, 1473. 

Puerperal eclampsia, 1473; definition, 
1473; etiology end pathogenesis, 1474; 
symptoms end pathology, 1473; treat¬ 
ment. 140. 

Pulmonary tuberculosis, 180; defini¬ 
tion, 180; etiology end pathogenesis. 
180; prophylaxis, 180; symptoms 
and pathology. 108; treatment, 180. 

Purgatives, 1374; physiological action, 
104; t h er ap eutics. 107. 


Quinine, 1340; physiological action, 
1340; therapeutics, 1345: untoward 
effects and poisoning, 1243. 


Rabies. 140; definition, 140; etiology 
mad pathogen eels, 140; Incubation of. 
140; paralytic period, 140; premoni¬ 
tory symptoms of, 140; prophylac¬ 
tic treatment. 1493; spasmodic singe, 
140; symptoms and pathology, 140: 
treatment of developed, I486. 

Ra gweed fever, 170. 

Rectum, cancer of, 130. 

Red corpuscles ns storage-cells for the 
oxidising substance, 828. 

Remedies used to influence special or¬ 
gana, 103. , 

Remedies which depress the functions 
of the adrenal, vasomotor, and sym¬ 
pathetic centers, 130. 

Rennln us "fibrinogen proper.” 80. 

Respiration, secretion of the adrt-nala 
In. 01. 

Respiratory center, pituitary body ns 
the, 1008. 

Respiratory proc e ss, need of a accre¬ 
tion to account for the, 01. 

Respiratory tract, catarrhal and nerv¬ 
ous disorders of the, adrenal system 
In the. 101. 

I Rhinitis, hypenesthetle, 1708. 

Rose cold, 170. 

Round-cell sarcoma, 1406. 

Salicylates, 1283. 

Salicylic add, 1383. 

Saline purgatives, 1377. 

Saline colutlon, 130, 1387. 

Sarcoma, alveolar, 140; anglo-, 140; 
cutaneous, 130; giant-celled, 140: 
lympho-, 140; round-celled, 140; 
spindle-cclled, 140. 

Sciatica, 1633. 

Scirrhous rancer of the mammary 
gland, 130. 

"Secretin.” adrcnoxldaac as, 07. 

Secretion of the adrenals In respira¬ 
tion, an. 

Secretion to account for the respira¬ 
tory process, need of a. 01. 

Sensitising substance of oil cells, 
thyro-para thyroid secretion as the, 
100 . 

Shingles, 1634. 

Shock glycosuria, 160. 

Sick headache, 1633. 

Skin cancers, 101. 

Sleep, 108 . 
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BImp center, sympathetic center aa 
the. IBB. 

Sodium bicarbonate, 1171. 

Sodium, bromides of, UH 
Sodium chloride, IMS; contraindtca-' 
turns, 1371; therapeutics, 1MB; un¬ 
toward effects, 1311. 

Sodium phosphates, 1167. 

Sodium sulphate, 1371, 1377.. 

Source and chemical nature of anti¬ 
toxins, 1117. 

Sparteine, US. 

Spasmodic asthma, lflM. 

Spindle-celled sarcoma, 1406 . 

Sporadic cholera, 1714. 

Squamous carcinoma, 1404. 

Squill, 1388. 

Statu! eplleptlcua, 1466; treatment of, 
1471. 

Stenocardia, 1686. 

Stomach, cancer of, 1)04. 

Storage-cells for the oxidising sub¬ 
stance, red corpuscles as, 8M. 
Stramonium, 1316. 

Btrlcto-dllators, cranial. In organic 
function, 1186. 

Strophanthus, 13S); physiological ac¬ 
tion of. US; therapeutics, 184; un¬ 
toward effects and poisoning, 1334. 
Strychnine, US; physiological action, 
US; poisoning, 13M; therapeutics, 
US. 

Suffocative catarrh, 1881. 

Sugar, diastase which converts glyco¬ 
gen Into, 883. 

Sulphonal, 1334; poisoning, 1336, 
Sommer sstarrh, 170B. 

Summer diarrhoea, 174). 

Buprarenalln, 1180. 

Surgical anmsthesla, excitation of the 
vasomotor center and, 1303. 

Sweet spirit of nitre, 1383. 

Sympathetic center aa the interme¬ 
diary through which analgesics pre- 
duos their effects, 1370; aa the sleep 
center, 1K0; neural lobe of the pitui¬ 
tary aa the seat of the, 083. 
Sympathetic constrictors and the cra¬ 
nial strleto-dllatora In organic func¬ 
tion, 1186. 

Syphilis, 1706; congenital, IBM; defini¬ 
tion, 17M; etiology and pathogenesis, 
17M; symptoms, 17M; treatment, 
1861. 

Test-organ, adreno-thyrold center as 
Intermediary of impulses to adrenals 
and thyroid, 1136; anterior pituitary 
as a lymphoid organ In which the 


products of leucocytes and any drug, 
poison, or toxin these cells may con-’ 
tain are exposed to the, 4037; thyro- 
parathyroid s ec r et i on aa the physio¬ 
logical excitant of the, 1087. 

Tetanllla, 1438. 

Tetany, 1438; definition, 1438; etiology 
and pathogenesis, 14M; symptoms 
and pathology, 14M; treatment, 1434. 

Tetanus, 1437; definition, 1437; etiol¬ 
ogy, 1440; pathogenesis, 14M; prophy¬ 
lactic treatment, 1444; symptoms and 
pathology, 1437; treatment, 1448. 

Tetanus, idiopathic. 1441. 

Tetanus neonatorum, 1441. 

Tetanua, traumatic, 1440. 

Therapeutics, Internal secretions as 
the foundation of rational, 1113; 
present status of, 1113. 

Thermogenic center, pituitary body 
aa the, 1008. 

Thyroid, leucocytes aa the purveyors 
of the, 1067. 

Thyroid apperatus, anterior pituitary 
and adrenals combined as the auto- 
Immunlslng mechanism of the or¬ 
ganism, 1073. 

Thyroid extract, 1138; physiological 
action. 1138; therapeutics, 1144; un¬ 
toward effects, 1143. 

Thyro-parathyroid secretion as the 
sensitising substance of all cells, 
1087. 

Tic douloureux, 1631. 

Tissue-cells, granulations of leucocytes 
ea the granules (mlcrosomes) of. 

Tissue-cells, leucocytic ferments aa 
the Intracellular ferments of, 807. 

Tongue, cancer of, 1383. 

Toxic glycosuria, 1607. 

Tracheobronchitis, 1888. 

Traumatic glycosuria, 1687. 

Traumatic tetanus, 1440. 

Trional, 1338; poisoning, 1316. 

Tropical dlarrhma, 1713. 

Trypsin, active principle of adrenoxl- 
dase as the ferment of, 867; adre- 
noxldaae as a constituent of, 861 . 

Tuberculosis, pulmonary. 18M. 

Typhoid fever, 1768; definition, 1768; 
pathogenesis and pathology. 1761; 
prophylaxis, 1768; symptoms, 1768; 
treatment, 1764. 

Typhus, abdominal, 1768. 

Ulcerative colitis, 1763. 

Urlcmmla, 1600. 

Uterus, cancer of, 1388. 
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DISEASES IN WHICH ONE OH MORE GLANDULAR PRODUCTS. GIVEN 
ALONE OR WITH FAMILIAR DRUGS, HAVE GIVEN BETTER 
RESULTS THAN THE USUAL THERAPEUTIC MEASURES. 


CtlKiCAL experience has shown that certain organic products an 1 not 
only valuable additions to our therapeutic resource*, when turn] rationally, 
not empirically aa la too often the eaae, hut aim that in the majority of 
acute diseases, particularly in infectious disorders, their life-saving powers 
are uneqnaled by any agent at our command. No one who has witnessed the 
effects of adrenalin or of the liquor hypophysis injections in wlmt T have 
■termed the "terminal hypondrenin" of acute infections, would question this 
statement. There are other disorders encountered in daily professional work, 
however, in which rational organotherapy, not necessarily alone, but often in 
conjunction with well directed pharmaceutical agents, is surprisingly helpful. 
The present supplement lias for its object to review succinctly, the endo¬ 
crinological treatment either alone, or in conjunction with our familiar reme¬ 
dies, of the various disorders in which it has positively enhanced the efficiency 
of our older measures. Most of the indications given are based on personal 
experience; others on that of colleagues who had accepted personal suggestion*. 

The small number of endocrin products used may cause surprise; in¬ 
deed, I must confess anew, disagreement with those who see “internal secre¬ 
tions'' in practically every organ. As the nine editions of the present work 
have served to emphasise ever since January, 1003, bona fide internal secre¬ 
tions are limited, from my viewpoint, to very few structures, wlmsc hormone* 
are as widely distributed os their functional importance is great. This fact 
has caused me to interpret the clinical application of organic products in a 
different light from that of observers other than those who have followed my 
teachings. Indeed, it has enabled me to do what no one else even attempt* 
to do with the prevailing medley of doctrines concerning tlie physiological 
action of the various true hormones, vis., to explain how they produce their 
effects in each disorder for which they are recommended. The fad that my 
Interpretations of endocrin functions enables me to carry out this program 
hi such an aggregate of disorders, without “straining s point" in any instance, 
sufficiently demonstrated their strength. 

The robj"«t of arteiioaoieroaU, which has assumed the first place among 
ehronie diseases, as destroyer of the human nos; and of influenza which won 
the title n nwt g the scute diseases in 1013, an also interpreted differ¬ 
ently—as they should be, with the ductless glands as prominent factors In the 
ptiyh and treatment at these diseases. Mental ditetuet have also held 
■way, T lB,t professional efforts, because, from my viewpoint, the cardinal 
influence of the endoorina In their development and perpetuation had been 
ignored. Their pathogenesis and treatment on endocrin lines Is also sum- 
i—^ („ this Of course, considerable additional ex pe ri enc e 

*-« ( 1826 ) 
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and study will be required to place all these practical applications on a per¬ 
manent footing, for we are but on the threshold of a science of therapeutics 
the development of which will require united effort. 


Abortion . 25 

Absoess . 20 

Acne. Treatment. 782 


Many fasts tend to Indicate that 
this disorder is due to inadequate 
autoprotectlve activity through in¬ 
sufficiency, inherited or acquired, of 
the endocrine which take part In the 
defensive processes. This Is shown by 
the efficiency of vaccines in appro¬ 
priate c as es , agents which provoke the 
formation of antibodiea Frequently, 
however, a toxemia, often of intes¬ 
tinal origin, exists, to meet whieh the 
defensive functions prove inadequate. 
In all eases, therefore, it is well to 
examine carefully the patient for any 
focal disorder, intestinal stasis, ton¬ 
sillar crypts, pyorrhea, etc., and to 
eliminate any that may be found. 
The thyroid ie often slightly enlarged, 
especially in young girls, an indica¬ 
tion of an 'effort to compensate by 
undue activity. Hence the value «rf 
thyroid gland in 1-grain (0.065 Gw.) 
doses, particularly when given with 
corpus luteum in 4-graln (0.26 Om.) 
doses in girls. In males, either sup¬ 
rarenal gland 2 grains (0.13 Om.), 
pituitary or hypophysis oieoa (U. S. 
P.) % grain (0.016 On.), is to be 
preferred. In addition to the local and 
general measures. 

Acromegaly. General article, 607, 
1018. Treatment, 618. 

As emphasised in the present works 
and elsewhere, the pituitary is not 
from my viewpoint, a secreting 
gland. The neural or posterior lobe 
eon tains the main nucleus of the 
sympathetic system and aa such acts 
as the main eenterof the adrenals jund 
thyroid. In acromegaly the pressure 
exerted by the anterior lobe; enlarged 
from any cause, upon the posterior 
lobes excites the latter and promotes 
hyperad rente and hyperthyroldla and, 
therefore, excessive general metab¬ 
olism. Hence the general o v er g rowth 
which constitutes . the disease, but 
only during >cs sthenic or first stage. 
The only good results I hsve obtained 
were with measures calculated to 
counteract this, glandular erethism: 
qu in i n e hydrobromide, 5 grains (03 


Om.) with ergo tin 1 grain (6.065 
6m.), t.Ld., after meals, and massage 
of the enlarged tissues daily and rest. 
When after a time the overtaxed en¬ 
docrine break down, the asthenia 
stage aooears; then the use of thy¬ 
roid gland 1 grain (0.065 Gm.), 
pituitary gland, post, lobe Ho grain 
(0.006 Gm.), to sustain the vascular 
tension, and adrenal gland 2 grains 
(0.13 Gm.) are of distinct value. 
Random medication is dangerous in 
this disease. X-rago over the frontal 
or frontotemporal areas have given 
good results In some cases, probably 
by promoting absorption of the patho¬ 
genic neoplasm. 

Aotlnomyoosls. Treatment ... 1168 

The beneficial action of potassium 
iodide in these eases illustrates the 
sensitising action of the thyroid se¬ 
cretion through which the iodide pro¬ 
duces its effects. It must, however, 
be administered in large doses, with 
radium or X-ray locally. Operative 
measures are of course the most effi¬ 
cient where practicable, but the 
iodides should also be used in large 
doses to promote the destruction of 
u n discovere d extensions of the fun¬ 
gus. Thyroid gland might prove 
effective where the iodide* fall. 

Addison’s Diseas e . General article, 
18, 20, 87, 1017. Treatment, 103, 
514, 770, 782. 

Aa I pointed out in the first edi¬ 
tion, adrenal gland la the only remedy 
of value in this disease, but its use 
should be regulated by the tempera¬ 
ture, beginning with 2 grains (0.13 
Gm.) twice daily and Increasing the 
dose if needed. Adrenalin Is not 
efficient. If the blood-pressure keeps 
lo* Vio grain (0.000 Gm.) of pos¬ 
terior pituitary should also be given 
unless the ease be far advanced, when 
a high blood-pressure entails the dan¬ 
ger of adrenal hemorrhage. The canoe 
of the disease should be ascertained if 
poealble; if tuberculosis la suspected, 
areoaotanarhoaato 5 grains (0.3 Gm.) 
in eaponies, after meals, la indicated. 

Ademltls, Adenopathies. Treatment., 

Whichever be the local treatment 
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instituted, and even if the adenop¬ 
athy be tuberculous, thyroid gland, 
I grain (0.085 On.) t.i.d., seems to 
hasten recovery by sensitising the 
pathogenio organisms to the action of 
antibodies,* particularly If the forma¬ 
tion of t.ie latter ia enhanced by 
giving also posterior pituitary Hu 
grain (0.006 On.) and strychnine, 
Ho 8>^>ln (0.0018 Gm.), to enhance 
metabolic activity. Minute doses of 
calomel, U 4 grain (0.0027 Gm.), t.i.d., 
also activate the endocrine, but 
should not be given with the thyroid. 
Sunlight ia itself an active stimulant 
of the internal secretions owing to 
their identity as ensymes, and the 
activating poorer of heat, solar lient 
in particular, on them. X-rays and 
radium owe their virtues partly to a 
similar action, while r aecines pro¬ 
mote cndocrin activity by exciting 
the adreno-thyroid center. All are 
effective in adenopathies. 

Adiposis Dolorosa, Dsrcum's Disease. 

Treatment . 787 

In 1014, I attributed this disorder 
to dilatation of the arterioles in the 
painful areas, the resulting inflitra- 
tkm causing their tissues to swell and 
form the familiar elongated nodules, 
while the. accompanying hyperemia, by 
exciting the cutaneous sensory ter¬ 
minals, causes the pain. The central 
lesions from my viewpoint are 
mainly located in the neural or pos¬ 
terior lobe of the pituitary, which 
contains the sympathetic center, with 
relaxation of the arterioles it governs. 
Including those m the adrenals and 
thyroid, thus inhibiting partially the 
functions of these organs and lower¬ 
ing metabolism and causing the adi¬ 
posis. Hence the well grounded ad¬ 
vice of Dereum to subdue the pain 
with the salicylates, particularly 
acetylsaUeylie acid, which constrict 
the arterioles, and to insure pro- 
longed absolute rest, which decreases 
the circulatory (arterial) activity In 
the painful areas, fo decrease the 
adiposis, thyroid gland l grain (0.080 
Gm.) may safely be given, but com¬ 
bined with su p r are n al gland » grains 
(OilS Gm.), both t.ld. White the 
former tends to dilate the vascular 
system and deplete the sensory arras, 
the latter synchronises with the aai- 


icyiatcs in promoting constriction of 
the arterioles. 

Adolasoeace . 11 

Alooholism, Chronic, Pathology, 088, 
090. Treatment, 1231, 1240, 

1258, 1320, 1330. 

The craving for stimulants ia 
mainly due to the depression of tha 
cndocrin* following their abnormal 
excitation by alcohol ovenlosage. The 
stage of excitement which typifies ex¬ 
cessive metabolism and high vh willsr 
tension, is renlaecd by virtual failure 
of the circulation of which the sympa¬ 
thetic (chromaHin t system, which in¬ 
cludes the adrenals, sustains the tone, 
particularly insofar as the arterioles 
arc concerned, lienee the danger of 
too auddenly withdrawing alcohol In 
aurh patients. Ntryrhninc. Ha grain 
(0.0010 Gm.), to stimulate tito ad¬ 
renals, posterior pituitary Ha grain 
(0.0065 Gm.), to ntisa the vascular 
tension, and suprarenal gland 2 grains 
(0.13 Gm.), in one capsule, t.i.d., 
arc efficient unless excitement pre¬ 
vail. In the latter case hydrobromnto 
of hyoseia, Hno grain (0.0003 Gm.), 
hypmlermically, which owing to its 
stimulating action of Involuntary 
muscles tends to constrict the dilated 
arterioles, fo.*oweil by potassium bro¬ 
mide 30 grains (2 Gm.), to inhibit 
the irritability of nerve centers, 
should first he administered. 

Alopecia, 24. Treatment.734 

In some cases of alonecin, even 
those which show no cndocrin stig¬ 
mata, or in which no apparent nutri¬ 
tional or nervous disorder Is discern¬ 
ible, organotherapy sometimes proves 
helpful. A. woman of 30, In perfect 
apparent health, non-luctic, and of 
normal weight, personally observ e d, 
became in lese than one week, a case 
of alopecia universalis so absolute 
that not even nn eyelash remained. 
Of a multitude of treatments, phar¬ 
maceutical and physical, tried during 
two years by different dermatologists, 
the only one that proved effective was 
thyroid gland, 1 grain (0.000 Gm.), 
suprarenal gland, 2 grains (0.13 
Gm.), and moose ferri cart.) 2 grains 
(0.13 Gm.), all In one capsule taken 
after meals. Hype rod ren la ia often ac¬ 
companied by abnormal hair growth, 
hence the suprarenal gland given, 
with iron to promote the formation of 






iOZO 


SUPPLEMENT. 


hemoglobin. An ointment eomposMd 
of ohryearobin IS grains (1 Qm.), 
lanolin 1 dram (4 Qm.), and beneo- 
ated lard 7 drama (28 Qm,), waa 
used, a small quantity being rubbed 
into tbe scalp only, while for the ten¬ 
der areas, the axilla, pubis, labia, 
etc., liquid petrolatum, with manage 
of all surfaces, was alone employed. 
Ohxysarabln is very irritating to tbe 
eyes, tender skin, etc., and stains 
linen; care in its use is, therefore, 
necessary. 

Amenorrhea, Treatment. 77B 

The endocrin treatment of these 
cases depends upon its cause. Delayed 
appearance of the menses in young 
girls may be due to infantile or sub- 
normally developed uterus, this in 
turn being due to hypothyroidia 
( q.v .) with the stigmata of this con¬ 
dition more or less marked; fat, palo 
and apathetic girls belong to this 
type —thyroid gland 1 grain (0.006 
Qm.), corpue lutcum 2 grains (0.13 
Qm.) to excite ovarian activity and 
etryehnine eulphate to excite the ad¬ 
renals and promote peristalsis, are in¬ 
dicated. In some pituitary gland 
poet, lobe, \t 0 grain (0.00 Dm.), 
with 2 grains (0.13 Gm.) of iron car¬ 
bonate, are more efficient, where the 
blood count, the hemoglobin percent¬ 
age and the blood-pressure are low. 

Anemia, General article, 1771. Treat¬ 
ment, 1777. 

As specified in the general article, 
many etiological factors prevail in 
this condition. After the primary 
cause has been carefully sought and 
removed, nothing is more efficient 
than pharmoeo-endocrin therapy to 
build up the corpuscular elements and 
their hemoglobin, since it enables us 
to contribute what the blood needs. 
Prompt results are generally obtained 
by giving after meals, a capsule con¬ 
taining suprarenal gland 2 grains 
(0.13 Qm.) and posterior pituitary 
%o grain (0.006 Qm.), to increase the 
power Of tbe hemoglobin to become 
converted into oxyhemoglobin, atryeh- 
uiaa fa grain (0.001 Qm.), to stimu¬ 
late the adrenal activity, and iron 
and ammonium oitrata 2 grains (0.13 
Gm.), to build up the hemoglobin 
molecule. In some oaaee pa ncr ea ti c 
torpor prevails aa shown by distress 


one or two hours after meals; In such 
dilute hydrochloric acid 10 minims 
(0.02 c.c.) in one-half glassful of 
water, using a glass tube, will pro¬ 
mote the formation of trypsin. 

Anemia, Pernicious. General article, 
1778. Treatment, 1783. 

This disease is deemed incurable by 
many, but dose analysis indicates 
that it ia because its recognition is 
delayed until the injury to the blood 
has reached such proportion that cure 
con no longer be obtained. Wo are 
dealing with an autolytic destruction 
of the blood-cel la, and the cause of 
the excessive production of antibodies 
should lie sought and removed early. 
In most oases, the digestive tract is 
the source of the pathogenic antigens. 
Given, therefore, a cane in which sore¬ 
ness of the tongue and mouth, gastro¬ 
intestinal phenomena characterised 
by remissions and periodical gnstral- 
gia, coincide with yellowish pallor and 
lassitude, a diagnosis of pernicious 
anemia will practically always be 
proven to exist by the blood examina¬ 
tion. In such cases organotherapy Is 
contraindicated particularly thyroid 
which, by sensitising the red corpus¬ 
cles, facilitates their destruction. 
Hence the fact that areanio, which as 
shown by Mabille, Ewald, and others, 
inhibits the functional activity of 
that gland, is so helpful and even 
curative when the cause of the tox¬ 
emia has been completely eliminated 
in time. 

Angina Pectoris. General article, 
1685. Treatment, 1570. 

The great value of the nitrites In 
thta condition is due to the foot that 
they are direct antagonists to the ad¬ 
renal secretion. While the latter by 
exciting all unstriated muscular fib¬ 
ers causes constriction of the arter¬ 
ioles, the nitrites dilate these precap¬ 
illary ve ssels. The same effect is in¬ 
directly caused by the iodide* which, 
by enhancing the functional activity 
of the thyroid, promote vasodilation. 
These salts are preferable to the 
stand therapeutically, because the 
heart in them eases Is seldom normal. 

Anorexia Nervosa. Treatment. 

In this disorder, characterised by 
absolute anorexia and aversion for 
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food, with idjutinia, dyspnea, ver¬ 
tigo, nausea and vomitiqg, and which 
sometimes proved fatal through inan¬ 
ition, pharmaeo-endocrin medication 
may prove the sheet anchor. There is 
a general vaso-dilation with recession 
of the blood into the splanchnic area. 
The liquor hypophoria, the fluid ex¬ 
tract of the posterior pituitary, in¬ 
jected in 15-minim (0.0 c.c.) doses 
daily, with strychnine orally in %<r 

E min (0.0016 Gm.)* doses, to stimu- 
te the adrenals, soon raise the vas¬ 
cular tension and restore the arterial 
circulation to the tissues. Forced 
feeding with stomach tube, or per rec¬ 
tum, is usually necessary at first. 

Anosmia. Treatment. 

This condition, whieh sometimes 
proves distressing, may often be 
greatly improved. It may lie due to 
imperfect lubrication, catarrhal in¬ 
flammation, or ischemia of the olfac- 
tory area, the nervous elements in the 
latter case being insiifflciently sup¬ 
plied with blood to take cognisance 
of olfactory impressions. The central 
transmission of the latter may also 
be due to any lesion of the olfactory 
tract. Treatment of the causative 
disorder is, of course, essential. All 
eases that are not due to a destruc¬ 
tive lesion are benefited by strychnine 
%o grain (0.0018 Gm.) and hypo- 
phyaxa aicca Vio grain (0.0065 Gm.), 
after each meal, whieh increase met¬ 
abolic activity and raise the blood- 
pressure in the olfactory area as else¬ 
where. The frequent use of a coarse, 
lukewarm spray of ealinr rotation in 
the nasal cavities to lubricate them 
and Increase local osmosis, is helpful 
where atrophy exists. YVliere a his¬ 
tory of syphilis, inherited or acquired, 
is 'suspected, thyroid gland 1 grain 
(0.065 Gm.) should be added to each 


dose. 

Anthrax . 10 

Anuria . 15 


Appendicitis. Treatment. 

The vermiform appendix is not, as 
now taught in textbooks, a function- 
less structure of low vitality. It is 
rich in lymphoid tissue which under¬ 
goes compensatory hypertrophy when 
the tonsils are removed. Like the lat¬ 
ter organs, it secretes a bactericidal 
fluid and produces phagocytes to keep 
within safe bounds the contents of the 
cecum, which is particularly exposed 


to the accumulation of putrefactive 
and often toxic materials. Decides bac¬ 
teria and their toxins. The aim 
should be, therefore, to increase 
rapidly the blood's asset in anti¬ 
bodies, nnd. thereby, the hacterinlytie 
and antitoxir efficiency of the appen¬ 
dical secretion, niul also the amount 
of the hitter. When, therefore, op- 
p-ndieeetnmy ran be nafrly postjioncd, 
thyroid gland 2 grains (0.18 Gm.) 
every three 1 tours three times, then 
every four hours when the patient is 
awake, is often efficient. Rent in bed 
is imperative, with hot applications 
(hot-water laig, poultires, etc.), over 
the iminful area to increase tlie pro- 
tenlytie efficiency of Its auto-antitoxin 
and relieve pain. A milk diet assists 
materially the curative process, sod¬ 
ium chloride living added as freely as 
the taste of the patient will allow, 
Uilk ami Vichy, equal parts, form 
a palatable drink whieh tends further 
to preserve the osmotic properties of 
tlie blond. To deprive tlie |intient of 
fluids, as advised by some, is a mis¬ 
take, since they—at least milk and 
water—are absorbed king before tlie. 
cecum is reached. The bowels should 
be emptied daily witli warm ratine 
rotation enema ta, adding 2 ten spoon¬ 
fuls of glycerine to tlie pint (560 m.) 
of solution if free action is not ob¬ 
tained. 

Arrhythmia . 11 

Arteriosclerosis. General urticle, 20, 
1548. Treatment, 1006. 

This disease having token tlie first 
place among the causes of death, 
owing to tne complications it entails; 
cardiac disorders, apoplexy, angina 
pectoris, aneurysms, etc., additional 
study of its relations to the r.ndnerina, 
briefly reviewed on page 1546 in pre¬ 
sented in greater detail here. Aa 
stated I now recognise three types, 
each of which requires a different 
treatment. 

1. Tlie adrenal type, due to over- 
activity of the adrenals (and, through 
their hormone, of tlie thyroid gland 
also) observed in persons subjected 
to hard physical exertion, black¬ 
smiths, letter carriers, hod-carriers, 
bicyclists, etc., with high blood-pres¬ 
sure, ex u hers nee, pains in the calves 
of the legs, slow full pulse, hard sys¬ 
tolic cardiac immilae, "palpitations,” 
muscular pains, hyperehlorhvdria, py¬ 
rosis, as mors or leas clearly defined 
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symptomatology In which the meu- 
tor wells ere thickened, hyperemlc, 
but not necessarily the sent of degen¬ 
erative lesions, unless excessive con¬ 
striction of the vase vasorum have so 
reduced the nutrition of certain areas 
as to cause them. 

2. The autolytio type, where slowly 
acting poisons, food proteins, over¬ 
feeding; alcohol, the excessive use of 
coffee, etc., with exaggerated metab¬ 
olism and focal autolysis in the vas¬ 
cular walla due to the presence fa the 
blood of an cedes* of antibodiee evoked 
therein by the poisons, or by some 
acute febrile (bacterial) disease. In 
the overfed we may witness as early 
symptoms those enumerated above, 
with flushed face, brilliant eyes, slight 
precordial pain after a copious meal 
or exertion, sometimes slight, and 
general vivacity. This stage m reality 
eorreswmtls with the active period of 
an infection which, though relatively 
short, may do considerable damage to 
the blood-vessels. The patient then 
passes into what is erroneously de¬ 
scribed in some text-books as an 
early manifestation of first stage, but 
which in reality is a more or less ad¬ 
vanced phase of the disease, in which 
the contractile power of certain areas 
of the arterial system are already 
compromised. When this stage is 
reached the syndrome recalling neu¬ 
rasthenia develops more or less 
dearly, to, those of a debilitated and 
unevenly distributed circulation: loss 
of vigor, lassitude or myasthenia, 
drowsiness, postural vertigo, faint¬ 
ness, more or less visual disturbances 
—hemianopsia or even amaurosis— 
phobias, headache, and dyspnea on 
exertion. 

3. Tto» denutrition type, in which in 
addition to the arterial lesions there 
la exhaustion of the adrenals and thy¬ 
roid through the excessive functional 
activity imposed upon them by the 
pathogenic toxic, whatever that may 

■fc, the patient having then reached 
what has been termed the “presenile 
stage” of arteriosclerosis. In some 
subjects this may develop early, even 
in those of frugal habit, because their 
ductless glands, including the thymus, 
through Inherited debility, ore unable 
to bear the least exacerbation of 
activity, physical, mental and also 
emotional. In others, again, the duct¬ 


less glands may have become debili¬ 
tated through local hemorrhages with 
resulting function less areas, as a re¬ 
sult of febrile infections of childhood, 
diphtheria especially. Such eases of 
denutrition arteriosclerosis arc often 
the prey of tuberculosis and pneu¬ 
monia. They grow old early because 
as the wear and tear of life impinges 
upon their ductless glands, denutri¬ 
tion progresses. Including tint of the 
arterial system. * 

Treatment: This must of coarse be 
adjusted to each of the causative dis¬ 
orders. 

Adrenal Type. —Such cases yield 
readily to measures calculated to re¬ 
duce the functional activity of the 
adrenals. A less arduous occupation 
and abstention from meat, coffee, tea, 
and alcohol (to lower the vascular 
tension) often suffice. If the vascular 
tension is high, the condition of the 
kidneys should be looked into. As a 
rule, at this time these organs are 
found normal, though some polyuria 
may be present. Spirit of nitrone 
ether may then be used In small doom 
thrice doily to reduce the high ten¬ 
sion If it falls to recede after a few 
days, and also small doses of eodium 
bromide and ohloral on retiring If 
the tendency to insomnia persists. 

The iodides at this stage are harm¬ 
ful. So are strychnine, digitalis, and 
tonics in general, most of which 
stimulate the adrenals and aggravate 
the trouble. 

Proteolytic Type. —-Prophylactic 
measures, a reduction of proteine — 
eliminating meats and eggs—and 
other harmful food the patient may 
be indulging in too freely, are neces¬ 
sary. Acidosis is another harmful 
factor, which a vegetable diet, by 
supplying alkaline salts, tends to 
counteract and gradually to elimi¬ 
nate. Although the arteries are al¬ 
ready damaged, there occurs an active 
process of repair by Insular scle ro ses 
so disposed longitudinally as to pre¬ 
serve the contractile activity of the 
vessels to a remarkable degree. 

It is obviously Irrational to give tbs 
iodides In coses in which the thyroid 
s e cretio n laden with iodine in organic 
combination is taking part in the 
cellular destruction of the arterial 
walls. No remedies should be ad¬ 
ministered until the toxic factor, 
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whatever that may be, dietetic, intes¬ 
tinal, bacterial, etc* la eliminated 
prophy tactical ly. If after a couple of 
months, the patient does not ebow the 
sense of wellbeing which usually fol¬ 
lows well addressed prophylactic 
measures and still shows neurasthenia 
like symptoms, it Is because catab¬ 
olism and arterial degeneration is 
still proceeding, owing mainly to hy¬ 
perplasia of the thyroid. Ararmie .in 
small doses, say 3 minims (0.18 cc.), 
of Fowler’s solution t.i.d., as shown 

S r Mabille and confirmed fay Ewald, 
einrlch Stern, and others, will then 
gradually reduce the thyroid erethism. 
In cases showing actual hyperthy- 
roidia or larval Graves's disease, 
ergotin, or the cool fore, are helpful 
to contract the vascular supply of 
both the thyroid and adrenals and 
thus inhibit their secretory activity. 
It should be remembered that real is 
an important feature wherever exu¬ 
berant activity of the ductless glands 
Is in order. 

DemfriNos Type .—The treatment 
here is the opposite of that indicated 
in the foregoing forma Organo¬ 
therapy, provided thyroid and adrenal 
gland and any other organic product 
used is given in email doeea, is of 
great value. The iodidea also in 
small doses, digitolia, and atrophan- 
tkua are exceedingly helpful. A avs- 
toining diet Is an important feature. 
Besides the thyroid and adrenal prep¬ 
arations already mentioned, some 
pancreatic product such as ponoreatin 
should be added to facilitate intes¬ 
tinal digestion. 

Arthritis, Chronic. Treatment. 

It is Important in these cases to 
ascertain whether a focus of infection, 
tonsillar, dental, uterine, intestinal, 
cystic, etc;, exists, when tuberculosis 
is not present. Elimination of the 
cause, followed by a course of iodidea 
if the heart be diseased, or thyroid 
flood in 1-grain (0.005 Gm.) doses 
with iron and ammonium citrate 2 
grains (O.l&Gm.), after meals, dry 
hot air to the affected joints to en¬ 
hance the bactericidal or proteolytic 
activity of their antibodies, and the 
copious drinking of some alkaline 
mineral water sometimes proves very 


Arthritis Deformans. Treatment, 27 
Foci of infection are as prolific fac¬ 
tors in this as In the chronic form, 
and the same treatment ia indicated. 
Diseases of the upper respiratory 
tract, especially sinus and tonsillar 
infections, are a frequent cause. 
Small doses of wrmny hinlodide, by 
stimulating the function of the thy¬ 
roid and adrenals, will alone some¬ 
times prove effective. Buttermilk, 
one quart daily, acts as an effective 
diuretic in these cases. 

Ascites aad Edema. Treatment, 17,7tl2 
Whatever be the causa of ascites, 
relaxation of the arterioles, with loss 
of the adrenal prinriple in nil cases is 
an important feature. Inject ions of 
adrenalin intramuscularly, 8 minima 
(0.50 e.c.), rapidly increased to 30 
(1.8 e.c.), is we have seen, often a 
very efficient measure, besides in¬ 
n-caning respiratory and cardiac 
activity. ft proves efficient some¬ 
times where tapping fails, and in very 
helpful after the latter procedure to 
prevent recurrence of the ascites. The 
effect may be kept up by giving sup¬ 
rarenal gland in 3-grain (0.2 Gm.) 
doeea after meals, provided a reliable 
preparation is obtained. 

Asiatic Cholera. See Cholera Asi¬ 
atic*!, this Supplement. 

Asphyxia. Treatment _ 755, 704 

By promoting the intake of oxygen, 
adrenalin is very efficient, 10 minims 
(0.8 ea.) of the 1 to ]000 solution in 
one qyringeful of online eolation, in¬ 
jected slowly into a vein of the left 
arm. When it reaches the heart it 
tends also to promote active contrac¬ 
tion of the right ventricle, thus caus¬ 
ing the venous blood containing the 
adrenal principle to reach the air 
cells promptly. In aaphyoia. neona¬ 
torum, Mack has obtained resuscita¬ 
tion by injecting the same solution 
into the stump of the cord, after all 
other means had failed. 

Bronchial. General article, 
14, 1609. Treatment, 14, 710, 
701, 785, 775, 1705. 

The use of adrenalin 1 to 1000 eola¬ 
tion in from 8 to 10 minims, given 
intramuscularly in a syringefuJ of 
saline solution Is almost magical in 
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Its effects. It sets mainly by counter¬ 
acting the suboxidation and by pro* 
moting the activity of the entire re¬ 
spiratory mechanism. It should be 
administered, however, only by the 
physician. The value of the iodidee in 
thu disorder also shows that another 
function which includes suboxidation 
is deficient, via, metabolism. By pro¬ 
moting thyroid efficiency, the iodides 
increase metabolic activity and may 
cure the disease as personal cases 
have shown. They are brat adminis¬ 
tered with tincture of belladonna, 8 
minims (0.50 c.c.) to the dose, to sus¬ 
tain toe immediate relief afforded 
and movent the paroxysms. Supra¬ 
renal gland in 8-grain (0.1S dm,) 
doses alter meals, is very helpful 
when toe suboxidation, shown by cold 
extremities and weak pulse, persistu 

Auricular Fibrillation . 11 


Auricular nutter. 18 

Bones, Diseases of. Pathology, 80S, 
515. Treatment, 710, 711, 775, 
787. 

In the various osseous disorders of 
nutrition, necrotic, eyphiUtie, or in¬ 
fectious, thyroid gland, in relatively 
large doses, 8 grains (0.13 Gm.) 
t.i.d., after meals, particularly if eal- 
oium lactate 6 grains (0.3 Gm.) and 
thgmua gland 5 grains (0.3 Gm.) are 
both given twice dally also, to supply 
toe organic phosphorus-laden nuclelna 
needed to build up too calcium phos¬ 
phate of the osseous tissues, is some¬ 
times of potent aid to the local meas¬ 
ures employed. In tuberculosis of 
bones this treatment often activates 
greatly the sunlight treatment which 
owes its efficiency mainly to the fact 
that the defensive ferments are acti¬ 
vated by heat up to 104° F. In osteo¬ 
malacia, thyroid, which exaggerates 
catabolism, should be avoided, while 
adrenalin or liquor hypophysis in¬ 
jected Intramuscularly in from 8- to 
15-minim (0.60 to 0.00 e.c.) doses, toe 
former in saline solution, favors an¬ 
abolism; thymus gland and calcium 
lactate in 5-graln (0.3 Gm.) doses to 
promote the formation of calcium 
phosphate, completes the building up 
process. In osteomyelitis both phases 
of metabolism are necessary. Hence 
the value at thyroid gland 8 grains 
(0.13 Gm.) and hypopaysis sicca Vt 
grain (0 j 010) twice dally, in addition 


to the local measures. In raohitis, 
the same treatment is indicated al¬ 
though some do best under thyroid 
gland with oaldum laetats or the 
glycerophosphates of oaldum. In (s- 
beroulous disorders including hip- 
joint disease, scoliosis, etc., thyroid 
gland is very efficient. It sensitises 
the pathogenic organisms, besides the 
tubercle bacillus and contributes di¬ 
rectly, therefore, to the curative proc¬ 
ess, and aids materially heliotherapy 
which, as stated, enhances the activity 
of the defensive ferments. 

Bright’s Disease, Treatment, 784, 
1383. 

Although the exact relationship be¬ 
tween the kidney and the endocrine in 
not known, my own view that its ad¬ 
renal rests are dynamic centers of 
catalytic activity, the adrenal fer¬ 
ment serving to excite in this manner 
renal function, seems to be borne out 
by the fact that adrenalin in large 
doses, 80 minims (1.25 c.c.) of the 
1 to 1000 solution orally three times 
a day, has been found beneficial by 
several observers. While it is gener¬ 
ally believed that adrenalin is inert 
in the body when taken orally, this 
applies only to eases in which the 
systemic supply is adequate; if defi¬ 
cient, however, enough is taken np 
from the intestinal canal to make up 
the deficiency. Thyroid gland owing 
to its antitoxic action in moderate 
doses, 1 grain (0.006 Gm.) t.i.d., 
tends to keep down wastes and thus 
to protect toe kidney. Given with 
suprarenal gland 8 grains (0.13 Gm.) 
in a capsule, and toe liguor ferri et 
ammonti aeetatis 8 fluidrams (8 c.c.), 
also t.i.d., general oxidation is im¬ 
proved through Imnrovement of hemo¬ 
globin percentage, thus counteracting 
the secondary anemia, a prominent 
factor in the lethal trend of toe dis¬ 
ease. 

Bronohlectasis. Treatment. 

In this disorder the dyspnea Is the 
result of reduction of the respiratory 
area due to destruction of toe pul¬ 
monary alveoli Involved in some di¬ 
lated areas. BuprarenaC gland some¬ 
times proves helpful by increasing too 
supply at adrenln. Strychnine, by 
stimulating the adrenals, also in¬ 
creases toe oxygen intake. The two 
may be given together. 
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Bronofcltls, Chromic. Treatment. 

1108, 1231, 1889, 13801 

In aome cases the bronchial tract 
acts as on eliminant for products of 
endogenous origin, particularly where 
acidosis prevails. In such, hgpoder- 
modyais, using but small quantities 
of aaliue . solution, is very efficient. 
It promotes osmosis, facilitates the 
circulation of the plasma through the 
ultimate bronchial capillaries and en¬ 
hances the elimination of detritus by 
the kidneys and the bronchial mucosa. 
This is materially aided by a few 
days* reduced or milk diet. Then thy¬ 
roid gland in 2-grain (0.13 Qm.) 
doses after each meal, reduced to I 
grain (0.005 Qm.) the second week, 
but giving in addition creosote carbo¬ 
nate in capsules in 10-groin (0.0 
Gm.) iloses, increasing by 5 grains 
(0.3 Gm.) weekly until 30 grains (8 
Gm.) are taken three times dally. 
Tiie thyroid gland increases the anti¬ 
toxic efficiency of the blood; creosote 
also enhances this action, and excites 
the propulsive activity of the pul¬ 
monary arterioles. The iodidea may 
be used instead of the thyroid, but 
are less active. To sustain- the bene¬ 
ficial effects after recovery, atrgeh- 
nine is the most efficient remedy 
owing to its stimulating action upon 
the adrenals. The patient should 
drink at least 1 quart (liter) of 
Vichy m ine ral wafer- dally to sustain 
the osmotic properties of Ids blood 
and lymph. 

Bronchopneumonia . 18, 770 

• Cancer. General article, 1300. Treat¬ 
ment, 738, 707, 1413. 

Fainting adrenalin solution 1 to 
1000 over the growth, if superficial 
or within reach, relieves pain, arrests 
or inhibits hemorrhage and tends, by 
causing vaaooonatriction, to promote 
retrogression. To favor the latter, in¬ 
jections of adrenalin into the growth, 
after carefully sterilising the latter, 
have also been made with advantage. 
. In inoperable sarcoma, the local use 
tends to check the hemorrhages. The 
internal use of thyroid and supra¬ 
renal gland improves the likelihood 
of recovery In caeca treated with 
X-ray* or radium. Some authors 
have recommendM thymus gland. I 
have never used it. 


Canities. Treatment 

Whiteness or blanching of the lialr 
is essentially, unless due iu dyes end 
other local factors, a disorder of tha 
sympathetic or in it* true sense, the 
chromaffin system of which the ad¬ 
renals form part. Hence their patho¬ 
genic influence of fright mental 
strain, sorrow, etc., in its production 
in some instances. 'Under normal 
conditions, however, premature .gray¬ 
ness is an ovidence of liypoadreuin, 
and suprarenal gland 2 grains (0.13 
Gm.), to enhance general oxidation, 
hypophysis sicca grain (tt.000 
Gm.), to raise the vnseulsr tension 
ii ml thus Improve the peripheral oir- 
eulation, and strychnine grain 
(0.001 Gm.), to enhance the func¬ 
tional activity of the adrenals, and 
ferric chloride y, groin (0.03 Gm.), 
to increuae the pigmenting activity of 
the blood, all given together after 
each meal, is sometimes very efficient. 
Some eases allow stigmata of hypntiiy- 
roidin; In such eases thynrid giant 

grain (0.03 Gm.) should Is- added 
to tiie capsule. Massage of tlic sculp 
with liquid petrolatum, morning and 
evening, where the white areas occur, 
greatly favors the curative process: 

Cataract. Treatment. 

This disorder, coinciding as it does 
with senile atrophy of the endocrine, 
may sometimes, as ]M>rsonally observed 
in two eases, be arrested, or st least 
greatly delayed by means of thyraitI 
gland ^ grain (0.03 Gm.) with sup¬ 
rarenal gland 2 grains (0.13 Gm.) 
tivice daily. The eases of spontaneous 
absorption by means of potassium 
iodide 8 grains (0.3 Gm.) f. id., 
which ia preferable where arterio¬ 
sclerosis or any cardiac disorder pre¬ 
vails, that have hern reported, may 
be considered as belonging to endo- 
erln therapy since It is through tha 
thyroid that the iodidea produce their 
beneficial effects. 

Cerebral Abscess. General ar¬ 
ticle . 1578 

Cerebral Paralyses of Children. 
Treatment. 

In these disorders which include 
iafaatils spastic paraplegia, IMtlm'a 
disease, Ramsay’s infantile cerehal 
diatawia, the cerebellar atamia of 
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children, eta., considerable improve¬ 
ment may be obtained by activating 
metabolism by means of thyroid ami 
suprarenal or strychnine in doeea ad¬ 
justed to the age of the child, 
coupled with thymus gland to enhance 
the nucleinlc nutrition of the nerve 
centers. While the sclerotic foci or 
other lesions tending to destroy the 
functions of the primarily affected 
anas are probably not benefited, 
there is distinct evidence, as ob¬ 
served in personal cases, of the as¬ 
sumption by the stimulated normal 
cells, of increased compensative activ¬ 
ity, particularly when physical means 
such as passive manipulations of the 
immobilised limbs or Joints, massage 
and calisthenics are employed simul¬ 
taneously to favor the nutrition of 
the inhibited motor areas. 

Cholera Aalatloa. General article, 18, 
1780. Treatment, 18, 1730. 

In keeping with my views, as ex¬ 
pressed in the first edition of this 
work (1003-1007), Drake Brockman 
(1010), Flovesana (1018) and others, 
Noams (1014) found striking anal¬ 
ogy between the cholera syndrome and 
adrenal failure. The patients toler¬ 
ated large doses of adrenalin,, which 
he used subcutaneously in doses rep¬ 
resenting Via to Mo grain (0.004 to 
0.006 Gm.) of the salt in the 84 
hours daily, supplemented by saline 
infusions. Others have confirmed his 
assertions as to the value of adrenalin. 

Choleraic Diarrhea. 18 

Onorea. Treatment, 773, 788, 1889, 
1317, 1383. 

The underlying cause is a toxemia 
of some sort, usually toxic metabollo 
wastes. These may be produced 
either through hypermetaboHsm, the 
wastes being excessive, or through hy- 
pocataholism, the wastes being inade¬ 
quately broken down or hydrolysed. 
In other words, the endocrine may be 
overactive or hypoectlve. Thus hi the 
-chorea of adolescents, the latter may 
be the easa the increase in wastes not 
being met fay in cre ase d or parallel hy¬ 
drolysis calculated tn convert them 
into ellminable waste products. The 
chorea of pregnant women, the aged, 
or rheumatic subjects, toxins 
acute infectious and gastroin¬ 
testinal disorders also belong to this 
categny. 


It is often difficult to determine 
which of the two prevails. In the 
adolescent type, hypermetabolism may 
be the underlying factor and arsenis 
the drug indicated to inhibit, with 
rest, the functional stress of the en¬ 
docrine. In other adolescents, hypo- 
thyroidia and bypoadrenia may pre¬ 
dominate, the patient being inclined 
to adiposis and torpor. In such cases, 
also those due to acute infections, old 
age, gout, gastrointestinal disorders, 
the iodides or thyroid and suprarenal 
gland with hypophysis sieea in small 
doses, to promote the antitoxic func¬ 
tions, aid materially the measures 
addressed to the causative disorder. 
Choreiform Disorders. 

As stated under Chorea, the spas¬ 
mogenic wastes mar be due to hyper¬ 
metabolism or hypocatabolism; the 
first step, therefore, is to ascertain 
which of these conditions prevails 
In chorea major, a few days' rest to 
permit the breaking down of the 
spasmogenic wastes and their elimina¬ 
tion, the free use of water to facili¬ 
tate this process, and perhapa a saline 
purgative to hasten recov e ry. Impul¬ 
sive tie of long duration seems to re¬ 
sist all forma of treatment which 
prove effective In recently developed 
cases; that of chorea, with sustained 
effort to avoid the grimaces, etc. In 
the habit chorea of young women, 
autointoxication of intestinal origin 
is the usual cause of the arterial hy¬ 
perconstriction. A weekly saline pur¬ 
gative, and Fowler’s solution of ar¬ 
senic, with a diet in which red meats 
ore partaken of sparingly, while 
water, or better, an alkaline water, 
especially Vichy, is used freely, usu¬ 
ally insure prompt recovery. The 
oomplem co-ordinated ties occur, as a 
rule. In backward children or semi- 
cretins in which the catabolism of 
taxlo wastes is Imperfect Here 
saline purgatives followed by small 
doses (1 grain—0.066 Gm.—t.i.d.) of 
thyroid gland, by simultaneously rid¬ 
ding the intestinal canal of any cause 
of autointoxication while increasing 
the activity of the vital p r o c es s of 
catabolism, eliminate .the cause of the 
disorder. 

Cirrhosis of Liver. 41, 48, 347 

Constipation. Treatment. 1374 

The prevailing teaching that the 
adrenal principle “inhibits" lutes- 
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tinal activity la the outcome of an 
experimental error, in the aenae that 
the effect of toxio doaea in animate ia 
attributed to therapeutic iloaee In 
man. "Neither,” aa Sollmann atatea 
in hia text-book, "la there any good 
evidence for the theory of Epplnger, 
Falta, and Rfldinger, 1909, that 
eplnephrin inhlbita the Internal ac¬ 
cretion of the pancreas.” Were it 
otherwlee, we clinicians who employ 
eplnephrin (adrenalin) constantly in 
relatively large doaea intramuscularly 
would constantly be meeting aigna of 
such inhibitory effects, which la not 
the caae. In truth, a large propor¬ 
tion of the cases of mtonia comtipa- 
tion met wltli should be attributed to 
lack of tone of the intestinal muscu¬ 
lature and the resulting deficient per¬ 
istaltic activity. Hence the value of 
otryehnine, an adrenal excitant, par¬ 
ticularly when given with tu promt a l 
gland and thyroid gland, all in small 
doaea, in such cases. The constant 
use of purgatives, which entails a loss 
of the adrenal principle with the 
serum, can gradually be done away 
with. 

Convalesoeaoe. 

We have seen the Important rAle 
played by the pancreas, adrenals and 
thyroid in infections, to the extent in 
fact that at least in respect to the 
two latter organs, their functional 
efficiency is considerably impaired. 
The uae of strychnine under three 
conditions le familiar to all aa a 
“tonic”; hut it does not always pro¬ 
cure the expected results because It 
merely stimulates organs, the ad¬ 
renals particularly, that are already 
exhausted. If, however, there is 
added hypophyia mm Mo 8 1 *' 0 
(0.008 Om.) and auprarenal gland 1 
grain <0.068 Om.), with thyroid 14 
grain (0.0S Om.) to compensate for 
the deficiency of hormones while the 
enfeebled glanda and the eardio-vas¬ 
cular system are recovering their 
tone, the convalescence, granting that 
usual hygienic measures are also 
carried out, will be considerably 
hastened. 

Bomataa fmoos .30, 328 


This epidemic, Infectious 
probably transmitted by 
ioentlfled mosquito, presents all 


the 


characteristics of failure of the 
sympathetic—the chromaffin system— 
to which the adrenals belong, with 
paresis of the arterioles, and Hushing 
of the Joints, muscles and sensory 
terminate as result. Hence the severe 

C ains in the joints and muscles which 
sve caused the disc- to be termed 
also “break-hone fever." The How of 
blood into the capillaries being no 
longer regulated, Micro may be hemor¬ 
rhages from the nose, gums, stomach 
(black vomit-like I, intestines, etc., 
and an erythematous rash in the skin 
and around the tongue, headaehe, 
flushing, conjunctival congestion, ade¬ 
nitis, high fever i reaching sometimes 
107° F.). The sensation of burning, 
the pruritus, and tne marked depres¬ 
sion that succeeds the disease—which 
lasts from five to nine days—all in¬ 
dicate the supranormal metaholism to 
which the tissues are subjected. 
Morphine and the coal-tar products. 
antipyrin, acetanilide, or aodium safi- 
rylate, if preferred, are very eiflea- 
eious; by meriting the sympathetic 
center they cause constriction of the 
arterioles 'and by Inhibiting the ex¬ 
cessive flow of blood into the capil¬ 
laries arrest the morbid phenomena. 
To curtail the disease: Kltoury 
recommends adrenalin 30 minims (1.8 
ex.) orally of thn 1 to 1000 solution; 
but I would regard as more reliable 
and prompt 10 minims (O.Q ex.) of 
adrenalin in one syringeful of saline 
solution, injected intramuscularly 
twice daily, or oftener. 

Diabetes Insipidus. 40 

Diabetes Xsllltms. General ar¬ 
ticle . 36, 1683 

Diphtheria. Treatment, 770, 782, 
1153, 1184. 

While of course antitpxin Is our 
sheet-anchor in tills disease, It some¬ 
times happens, as personally observed 
during an epidemic among immi¬ 
grants on a ship from the Mediter¬ 
ranean upon which I happened to b-, 
that ill-nourished or debilitated chil¬ 
dren will fail to respond, death, aa ob¬ 
served in this instance, making rap'd 
inroads, despite the excellent quality 
of the antitoxin and the large doses 
used. The deaths stopped at once, 
however, when besides the tetter 
calomel In Mrgnia (0j00i On.) 
doaea waa administered every half- 
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boar to the little petlenta until green 
■tools occurred. Aa we have seen, 
calomel ia a powerful stimulant of all 
endocrine; the glandular hormone* 
secreted in access, doubtless har¬ 
monised with the antitoxin in des¬ 
troying the pathogenic organisms. 

Dysentery, Bacillary. 10 

Dysmenorrhea. Treatment, 770, ISIS, 
1200, 1304, 1387. 

In dysmenorrhea accompanied with 
the passage of clots, the use of thy¬ 
roid, adrenalin or corpus luteum only 
aggravates the pain by increasing the 
coagulability of the blood. In such 
cases, due probablv to what might 
be termed "hyperendocrinia,” sodium 
bromide and sodium bicarbonate, 15 

S ains (1 Gm.) each in solution, the 
rmer to reduce the sensitiveness of 
the renters and the latter to alkali- 
nisc the blood and reduce its coagula¬ 
bility; also a granule of atropine 
Mao grain (0.0000 Gm.) to reduce the 
sensitiveness of the uterine nerve end¬ 
ings, give good results, when begun 
the day before the period and repeated 
every four hours. Corpus luteum or 
ovarian gland is useful in some eases 
in which tlie ovarian function ia de¬ 
ficient, but how to identify such cases, 
otherwise than by using the prepara¬ 
tion empirically Is not clear, unless 
the general condition of the patient, 
general adynamia, hypoadrenia, etc., 
be taken as guide. 

Saaema. Treatment .. 24, 734, 1383 
A diet too rich in proteins for the 
efficiency of the patient's endocrine, 
summarises the status of most cases 
met In practice. A strict vegetarian 
diet, beginning after one week with 
thgroid glaml 1 grain (0.060 Gm.) 
and hgpophgeis sicca Mo grain (0.000 
Gm.) to enhance oxidation and catab¬ 
olism, keeping up the vegetarian diet 
but omitting the glands three days 
every other week, often suffice. In 
infants, the fats should be reduced 
and small doses, Mo to Mn grain 
(0.006 to 0.004 Gm.) of thyroid given 
twice daily, besides the local treat¬ 
ment. 

Endooardltla. S3, 340 

Tnte disease is one of those in 
which excessive defensive activity of 
the endocrine is productive of harm. 
It le not due ae is now taught, to di¬ 


rect infection of the valves or endo¬ 
cardium. Whether simple, malig¬ 
nant, or chronic, it is the result of 
autolysis of the valves and cardiac 
tissues by the blood when it contains 
a marked excess of antibodies, the 
active agents of which are digestive 
or proteolytic ensymes, and thyroio- 
dase, as may be tne case in any of the 
causative diseases. Pence the usual 

{ iresence of the abrasions along toe 
ine of contact of the leaflets, their 
surface, and the wall of the cardiac 
cavity of toe left ventricle^ that 
through which arterial blood circu¬ 
lates with greater vigor than else¬ 
where in the body @wing to toe ven¬ 
tricular contractions. The occasional 
presence of bacteria in the lesions is 
but an adventitious circumstance of 
the. causative general disease, the 
vegetations being efforts at local 
repair. 

Endocarditis would occur very in¬ 
frequently were the blood’s fluidity 
and osmotic properties preserved by 
the use of saline solution in all infec¬ 
tions, and, when endocarditis is pres¬ 
ent, small doses, intravenously. Vera- 
trum viride should be given to reduce 
the blood-pressuro and the friction of 
the blood column upon the endocar¬ 
dium, if the blood-pressure ie high, 
the patient keeping too recumbent 
position. Free use of alkaline maters 
Is also indicated to facilitate the 
elimination of detritus. 

Quinine, digitalis, and all agents 
which tend to raise toe blood-pres¬ 
sure, including opium, which does so 
by causing constriction of all arte¬ 
rioles, are contraindicated. 

Enuresis, 24. Treatment.733 

Many of these cases are in subjects 
suffering from hypothyroidia; hence 
the feet that enuresis Is frequently 
observed among backward children, 
and in those navlng adenoids, en¬ 
larged tonsils, or who are understood. 
In all auch, thyroid gland iu small 
doses, % to M grain (0.016 to 0.03 
Gm.) three timee ie very helpful, and 
sometimes curative, while Improving 
the general health. 

Enteritis, Acute. General ar¬ 
ticle . 1750 

Enteritis, Ofemla General ar¬ 
ticle . 1763 
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XpUspsjr. General article.. 20, 1454 

Xryalpclu. Treatment, 10, 730, 770 

The unfavorable result* of medical 
treatment in this disease are probably 
due to the fact that the cutaneous 
tissues are ill supplied with anti¬ 
bodies. Hence the fact that good re¬ 
sults have been obtained from thyroid 
gland. It should, however, be given 
in large doses, 2 grains (0.12 On.) 
every three hours, with hypophysis 
sicca V;» grain (0.03 Gm.), to promptly 
raise tho blood-pressure and thus 
cause more arterial blood to circulate 
in the peripheral or cutaneous tissues. 

Trac lm e*. Delayed Union In. Treat¬ 
ment . 710, 1145 

Although thyroid glantl lias been 
recommended by several surgeons to 
promote the healing process, it should 
be remembered that it represents but 
one of the participants in the func¬ 
tion, that of catabolism. Hence the 
disappointment recorded by other*. 
A far better result should be expected 
from an adjustment of the treatment 
to tiie needs of the process, via., rat- 
dam lactate 5 grains (0.3 Gm.) and 
thymus gland 5 grains (0.3 Gm.) 
each in tablet form, t.i.d., with meals, 
to activate the formation of osseous 
calcium phosphate; also, after each 
meal, a capsule containing strychnine 
Mo grain (0.0010 Gm.) to stimulate 
the adrenals and promote general 
oxygenation and metabolism, hypo¬ 
physis sicca, posterior lobe, grain 
(0.006 Gm.), to raise the vascular 
tone and activate the circulation at 
the seat of fracture, and thyroid 1 
grain (0.06 Gm.), to promote with 
the thymus, calcium metabolism, and 
the catabolism of wastes. 

Gangrene, Gaseous. 10 

Gsitreetasia. 

Dilatation of the stomach is com¬ 
monly due in debilitated people, to 
atony of the gastric muscular is owing 
to depressed functional activity of the 
adrenals, i.e., bypoadrenia. In this 
particular form, strychnine given in 
Increasing doses until %o grain (0.003 
Gm.) is administei.il t.i.d., with 
Bland pill 2 grains (0.13 Gm.), if the 
red corpuscle count is low, is often 
very beneficial. Where the digestion 
is delayed, pepsin 10 grains (0.6 
Gnu) with dilute hydrochloric add 


15 minutes after meals, in water, not 
only improves the gastric digestion 
hut also that of the Intestinal canal 
by promoting the secretory act!vitv of 
the pancreas. 

Glyooeurfo . 35, 38 

Gout aud Gouty Diathesis. General 
article . 1500 

Growth, Stunted. Treatment .. 106 

Although individual extracts have 
been credits! with growth promoting 
properties, it is only when the in¬ 
dividual hnp]x>iiM t > lark a given hor¬ 
mone, thryoiil in the dwarfism of cre¬ 
tinism or hypothyroidis, for instance, 
that satisfactory results are obtained. 
Where, however, as in the vast major¬ 
ity of eases oliaerved in practice, 
there are no detectnlile cnilocrin stig¬ 
mata to serve as guide, the individual 
being merely very abort for his age 
though well formed, all tiie endoerinn 
concerned with general metabolism, 
including that of the skeleton, the 
main fratur in the process, are 
necessary. For a child of ten years, 
for instance, the following combina¬ 
tion is indicated; Caldum lactate 3 
grains (0.2 Gin.) anil thymus gland 
3 grains (0.3 Gm.) t.ijd., with meals, 
to activate the formation of the osae- 
oiih calcium phoaphatc, and after each 
meal, a capsule containing stryrhninr 
%o grain (04)01 Gm.) to stimulate 
the adrenals anil promote general 
oxygenation and anabolism; hypo¬ 
physis sicca, posterior lobe, grain 
(0.004 Gm.), to raise the vascular 
tone and activate tiie circulation in 
nil tissues concerned with growth, 
nervous, muscular and osseous, and 
Anally, thyroid gland Vis grain (0.005 
Gm.), to promote the catabolism of 
wastes. A well balanced diet, includ¬ 
ing vegetables and sweets, out-of-door 
life and prolonged night rest, are im¬ 
portant features of the process. 

Huy Fever or Hyperesthetlo Hhlnltta. 
General article. 1709 

Heart Disorders, 8. Treatment, 6, 
755, 758, 704. 

The indications for the endocrin 
products used in heart disorders are 
similar to those for digitalis and Its 
congeners: when there is hyposystole 
or ventricular deAciency, i.e., heart 
failura with dilatation. They are for 
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superior to digitalis, however. In the 
hear/ failure of tomio stater, terminal 
hypoaarenla, i.e., to exhausted ad¬ 
renals; In such cases adrenalin 10- 
minims (0.8 e.c.) of the 1 to 1000 
solution |n a syringeful of saline 
solution injected Intramuscularly 
twice. In the twenty-four hours often 
saves life; hypophysis sieea Ho grain 
(0.008 Gm.) given orally, when there 
Is no delirium, and the vascular ten¬ 
sion is low. Is a powerful adjuvant 
and serves to keep up the effect of 
the adrenalin when the latter is 
stopped. In tachycardia due to low 
vascular tension, including that due 
to hyperthyroidism, hypophysis siooa 
is also useful in some cases along with 
remedies calculated to oppose the 
causative disorder. In pure atonic 
dilatation, with low blood-pressure, 
the best effects are obtained from 
strychnine Ho grain (0.0018 Gm;), 
which stimulates the adrenals, and 
hypophysis sicca Ho grain (0.008 
Gm.), given together after meals; In 
some rases the effect Is more marked 
and lasting than when digitalis is 
used. In cardiac collapse, the liquor 
hypophysis of the U. 8. P. or pitui- 
tiin, should be used, 15 minims (0.0 
ca) being injected intramuscularly. 
In valvular disorders, in which digi¬ 
talis is indicated, dtgitatin in full 
doses gives better results than the 
organic products. Where, however, 
it tends to derange the stomach, a 
smaller dose may be given with 
strychnine and hypophysis sicca in 
the doses mentioned above. 

Heart, Senile. 0 

Hemophilia. General article .. 1801 
Hemorrhagic Disorders. Treat¬ 
ment . 755, 785, 780 

Both the adrenal and pituitary ex¬ 
tractives possessing the property of 
stimulating the Involuntary or un- 
striated muscles, they cause constric¬ 
tion of the arterioles or terminal ar¬ 
terioles. By thus reducing their cali¬ 
ber they reduce blood flow, and as is 
well shown when they an used 
locally, ran completely cheek It. 
Hence their value iu ail forms of 
hemorrhage. In uterine hemorrhage 
related to parturition, uterine relax¬ 
ation, post-partum, placenta previa, 
abortion, eta, the liquor hypophysis 
or pituttrln from 8 to 18 minims 


(0.5 to 1 c.c.) should be injected in¬ 
tramuscularly. In metrorrhagia or 
monorrhagia this measure may also 
be necessary, but if there is no 
urgency, hypophysis siooa in H'Srain 
(0.018 Gm.) doece every four hours 
until the excessive flow cesses, then 
twice daily for a few days, to sustain 
the effect, will prove efficient. In 
hematemesis 30 minims (1.8 ex.) of 
adrenalin 1 to 1000 solution in a little 
water, taken orally immediately after 
blood lias been vomited, and 15 
minims (0.00 ex.) later, in a syringe¬ 
ful of saline solution injected intra¬ 
muscularly, will usually stop it; if 
not, morphine hypodermically will 
cause sdditional constriction of the 
arterioles and do so. The same pro¬ 
cedure is indicated in hemoptysis ex¬ 
cepting, of course, the oral use of 
adrenalin. In both hematemesis and 
hemoptysis, pituitary preparations 
also stop the hemorrhage but for caus¬ 
ing, unlike adrenalin, a rise of blood- 
pressure, they favor recurrence owing 
to tiie vast vascular supply of the 
organs affected. Tn threatening cases 
both morphine and adrenalin may be 
injeeted simultaneously in the man¬ 
ner described above. Tincture of 
centrum viride 8 minims (0.38 ex.) 
every three hours, will tend to pre¬ 
vent recurrence by causing relaxation 
of tiie large vessels and the splanch¬ 
nic area. If the heart is weak, how¬ 
ever, the patient should be closely 
watched and periodical injections of 
adrenalin given intramuscularly to 
sustain it- The veratrum should be 
stopped when the blood-pteeaure falls 
below 100 m.m. In inteetinal hemor¬ 
rhage 30 minims (1.8 ex.) of ad¬ 
renalin 1 to 1000 solution may be 
given orally every three hours, with 
morphine hypodermically. 

Hysteria. Treatment. 788, 1380 

This common disorder is one of the 
many which cause me to deplore the 
fact that the posted or body is now 
generally believed, without a single 
tangible proof, to be a secreting or¬ 
gan. .It .causes .investigators to 
neglect it aa nerve oenter—as its 
older name well Indicates ?neurai 
lobe,” and, therefore, to contribute 
nothing to pr og r es s . Hysteria, from 
my viewpoint, is due to hyperemia of 
this l o be o r chief sympathetic gulf- 
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Hon, and containing like all each, the 
adrenal principle. Tliia hyperemia 
may be caused or increaaed by any 
condition which provoke* a marked 
and frequent rise of the vascular ten¬ 
sion: frequently repeated sexual 

orgasm, chorea, anger, shock, worry, 
prolonged febrile processes, excessive 
mental labor, alcoholism, morphinism, 
etc., and In delicate girls, by auto- 
toxins of intestinal origin, or Inade¬ 
quately broken down wastes. 

The general nerve centers, includ¬ 
ing primarily the posterior lobe of the 
pituitary, being constantly hyper¬ 
esthetic, an attack Is readily induced 
by any condition which increases tem¬ 
porarily their hyperemia: excite¬ 
ment, joy. grief, fear, etc., or which 
submits them to too sudden a con¬ 
cussion: a loud noise, a horrifying 
sight, a severe pain, etc. The mental, 
sensor)-, motor and secretory morbid 
phenomena witnessed are ull due to 
imperfect co-ordination of the circula¬ 
tion of the organs interested, includ¬ 
ing those of special sense, when, as is 
frequently the case, vision, hearing, 
smell and taste are impaired. 

Attacks of hystero-epilepey are but 
violent exacerbations of the morbid 
process in which the muscles, the cor¬ 
tex and the spinal motor cells are 
abnormally hyperemlc. 

The belief of many that attacks 
of hysteria are artificial is ground¬ 
less. Hysterical subjects should be 
treated as solicitously as epileptics. 
The treatment should aim to decon- 
gest the posterior pituitary. On re¬ 
tiring, potassium bromide alternating 
with centr u m viride should be given 
to depress the vascular center and 
facilitate ischemia of all cerebral 
centers during sleep. Occasional 
saline purgatives should be given to 
keep the bowels free of any products 
which when absorbed tend to increase 
the vascular tension. Physical net 
la neces sar y to prevent the accumula¬ 
tion .of wastes, which do likewise. 

During attaoke, apomorphine hypo¬ 
dermically causes relaxation of the 
arterioles. In severe eases and in 
hystero-epilepsy, this may be pre¬ 
ceded by inhalations of csipf nitrite 
to produce a similar effect promptly. 
When prolonged these inhalations de¬ 
press both the sympathetic and vaso¬ 
motor ce nte rs. In all oases saline 


eolation hypodermically or/ as enema 
is very useful to increase the fluidity 
of the blond and inhibit the irrita¬ 
bility of all centers. 

Idiocy. General articles. 277 to 300. 
Treatment, according to ita vari¬ 
ous causes, 103, 27ft. 303, 311. 

The prophylaxis of idiocy should be 
adopted as a linhit by the medical 
man, with all infanta. Beside* being 
on tlic alert for ductiesa-gland stig¬ 
mata. he. should urge upon mothers 
the importance of breast nursing as 
a prevent i\e, and insist upon it if 
any stigmata appear, if defeated in 
his efforts, frrsh-draim milk, cows’ nr 
preferably goats' milk, should he 
nrdrred, any delay in its use entail¬ 
ing the chemical destruction of nu¬ 
cleins and other substances necessary 
for the ductless glands. Many of the 
rncntul disorders of childhood, includ¬ 
ing idiocy, would be prevented if 
in all febrile infectious disorders such 
•is measles, scarlatina, diphtheria, 
etc., hypodcrnioclysia, or. at leant, 
ealine eolation per rectum, or as 
1 leverage, were employed to promote 
the fluidity of the blood, enhance os¬ 
mosis snd tlius prevent autolysis to 
which the lesions in the delicate duct¬ 
less glands are due. 

Again, where, as in certain fam¬ 
ilies, there is predilection to idiocy 
in the offspring, the cn doer In stig¬ 
mata of each parent should be care¬ 
fully studied, most of the vulnerabil¬ 
ity to disease transmitted to children 
being primarily endocrin. This ap¬ 
plies to syphilis ss well as to other 
inherited disorders of children. Treat¬ 
ment of the parents in the direction 
of the stigmata revealed, before and 
after conception has taken place, in¬ 
cluding thgroid it a syphilitic history, 
or where hypothyroidia from any 
cause prevails, can prevent sacrifice 
of the child's mind. As an example, 
I may mention a case of my own in 
which a physically and mentally per¬ 
fect child was obtained, through ap¬ 
propriate treatment of the pregnant 
mother, although her first three chil¬ 
dren had been idiots. 

Impotence. Treatment.782 

In cases other than those due to an 
attitude at mind, the so-called "nerv¬ 
ous cases,” strychnine %0 flnfai 
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(0.001 On,), by enhancing oxidation,. 
thymus s grains (0.3 Qm.), to sup¬ 
ply nucleins, and hypophysis siea a 
Ho grain (0.000 Qm.) in a capsule, 
morning and evening, graduallyjniild 
up the atonic centers. Stellwogon 
found the anterior lobe of pituitary 
2)4 to 5 grains (0.14 to 0.3 Gm.) 
three times a day, with tonics and 
prostata massage very efficient. Or- 
ahitio extract S grains (0.3 Gm.) 
t.iji. is also said to be efficient. 

Infantile Diarrhea. General ar¬ 
ticle ... 1748 

Infantile Convulsions. 1323, 1384, 
1383, 1478. 

Like epilepsy, tetanus, eclampsia, 
etc.. Infantile convulsions are due to 
an accumulation of was tee, toxins, 
etc., in the blood., These poisons by 
exciting violently the vasomotor cen¬ 
ter provoke irtense hyperemia of the 
cortex and of the spinal system, the 
direct cause of the paroxysms. A 
few whiffs of amyl nitrite in teething 
convulsions suffice to arrest them, in 
most instances by causing relaxation 
of the arterioles, with sweet spirit of 
nitre to sustain the effect. A warm 
hath to draw the blood to the surface 
will deplete the hyperemic centers, 
particularly if a little mustard is 
added. In severe cases, apomorphine 
hypodermically or chloral by enema. 
The cause of the convulsions should of 
course be eliminated if possible. 

Xafeotlous Diseases, 18. Treatment, 
18, 118, 331. 

In all these, as emphasised in the 
section on terminal hypoadrenia (see 
p. 100), there comes a time when the 
adrenals, more or less exhausted by 
the stress laid upon them to sustain 
the febrile process, foil to contribute 
enough of their hormone to sustain 
the cardiovascular time, and collapse 
is correspondingly threatened. In all 
such adrenalin 10 minims (0.0 ex.) 

. of the 1 to 1000 solution in a syringe- 
ful of saline solution injected intra¬ 
muscularly twice in twenty-four 
hours, frequently prevents fatal col¬ 
lapse. 

Influenza .388 

Assistant Surgeon General Mc¬ 
Laughlin, of the U. S. Public Health 
Service, said in an address in Boston 


as late as June 8, 1080, that his pur¬ 
pose was to "review such facts and 
observation! as we possess in the hope 
that an expos! of our utter helpless¬ 
ness may stimulate further research 
and give us weapons with whieh to 
fight this scourge/' Indeed, it is now 
generally conceded that despite the 
enormous labor devoted to all sub¬ 
divisions of influenza, its bacteriology, 
pathogenesis, pathology and treat¬ 
ment are admittedly in a deplorable 
state. It was thought after the great 
pandemic of 1889 and Pfeiffer’s labors 
in 1802 that mastery of the disease 
was near at hand. The B. influenza, 
however, has increasingly lost itp 
claim to recognition, while flltrabie 
viruses and other uncertain patho¬ 
genic agents, promise only so far, a 
certainty of time consuming labors, 
many years probably, while the dis¬ 
ease is starting anew its destructive 
work in India and Japan at the pres¬ 
ent writings June, 1920. 

A comprehensive study of the whole 
question, including the epidemics of 
1880-00 and 1018 and the recent re¬ 
crudescence, as basis for clinical ex¬ 
perience, led me to conclude not only 
that we had been working on mislead¬ 
ing lines, but that the flltrabie virus 
and other pathogenic factors now in 
course of investigation would prove 
quite as disappointing. The study 
referred to was read on March 10, 
1080, before the Medical Society of 
the County of Kings, Brooklyn, end 
published in the New York Medical 
Journal of May IS, 1020, to which, 
the reader is referred for details, the 
purpose of this article being only to 
review those features of the r e s e a r ch, 
and additional laboratory results ob¬ 
tained since, which will illustrate the 
need of the prophylactic and thera¬ 
peutic measures advocated. 

The investigations referred to 
showed that Pfeiffer bacillus was the 
tme pathogenic organism of influenza 
but that it did not act in accord with 
Koch’s postulates. I found that it 
was in the pulmonary alveoli, which 
present all conditions for the growth 
of the Pfeiffer baoiUus, hemoglobin, 
oxygen and temperature, that its 
colonies were developed precisely as 
they are in the laboratory, and that 
these colonies caused therein lesions 
which led me to identify toe disease 
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u a pulmonary neorotio alveolitie. 
That these air vesicles are deeply in¬ 
volved is "Well shown poat mortem. 
Dr. F. P. McNamara, for instance, 
who described ninety-live autopsies at 
the U. S. General Hospital No. 6 by 
Prof. Winternitx, of Vale,i wrote: 
“The most striking picture and one 
that is peculiar to this diecaer is the 
hyaline necrosis Involving only the 
terminal bronchioles and alveolar 
walls.” The cyanosis, upon which so 
many internists lay stress, and so in¬ 
tense in some cases In my service dur¬ 
ing the 1018 epidemic, as to give the 
body a bluish black color, point 
clearly also to an asphyctic condition 
which widespread destruction of the 
air vesicles dearly explains. 

Further study then allowed that we 
were protected to a degree at first 
estimated at 80 per cent., and then 
(in a requested report to the French 
Government, .Tune 3, 1020) at 80 per 
cent., after revision of data, liy the 
nnsophlryngeal defenses and the dil¬ 
ated epithelium of the respiratory 
tract down to the terminal lobules. 
So perfect is this nasopharyngeal bar¬ 
rier that fnoderately contaminated 
air is found completely sterilised 
after passing through it. This ex- 

E Inins the negative results obtained 
y practically all investigators who 
have attempted to provoke the dis¬ 
ease by injecting R. influenjue into the 
nasal cavities. The germs were des¬ 
troyed by phagocytes (the cytoplasm 
of which can be found to contain 
them) and the mucus of the respira¬ 
tory passages long before they could 
reach the alveoli, which alone in the 
whole tract afforded the conditions 
necessary for their growth. 

The strength of this conception is 
sustained not only by direct and well 
established evidence recorded by others 
besides my own, but also by the ease 
with which it solves many riddles 
that older conceptions have failed 
totally to meet. As instances, I 
might mention the familiar fact that 
young mendretween twenty and thirty 
years are by far the preferred vic¬ 
tims. This is readily explained when 
we take into account their powerful 
respiratory activity which causes air 


1 McNamara: Boston Mod. and Burg. 
Jour., rsb. is, ima 


contaminated with the Pfeiffer bacil¬ 
lus to reach the alveoli rapidly, t.r., 
before steriliantlon of the air can 
have been completed in their respira¬ 
tory passages. Again, we know that 
leaving the sick bed too stun is usu¬ 
ally followed by another and often 
fatal attack of the disease. With 
numerous alveoli ns the seat of nctivo 
colonies, perfect quiet in bed. by In¬ 
suring slow respiration, enables the 
expired air to lie sterilised. If. con¬ 
versely, the patient arises ton soon, 
the increased respiratory activity pre¬ 
vents complete sterilisation of the ex¬ 
pired current and the inspired cur¬ 
rent thus carries active germs back to 
many previously unhnrmcd alveoli, 
thus starting the disease* anew—a 
true nutoinfeetion. 

_ It necounts slso for many pre¬ 
viously unexplained clinical piienoiu- 
om, e.g., for the cyanosis, sometimes 
intense, by the interference with oxy¬ 
genation of the IiIcnnI precisely when* 
this process is carried out, "the al¬ 
veoli; also for the early high tem¬ 
perature with relatively low pulse, 
thus shown not to Is* a true fever, but 
the result of a missive dilatation 
(asphyctic relaxation) of the per¬ 
ipheral^ arterioles, thus permitting the 
admission of bland of higher tempera- 
ture (103° to I0J5-). from the deeper 
organs into the cutaneous vessels; 
also for the typical leucopenia due to 
tho deficient metabolism in the leiirn- 
cytngcnic tissues incident upon tho 
general cyanosis; also for the so- 
called a pyretic cases in which the 
sepsation of cold is due to evanotio 
blood; also for the vulnerability to 
complications, the production of pro¬ 
tective antibodies being inhibited by 
deficient oxygenation of all tissues; 
also for the formation of methrmo- 
globin, deficient oxygenation of the 
blood causing the hemoglobin to he so 
reduced by the tissues as to cause it 
to break down; also for the occurrence 
of the various forms, abdominal, 
nervous, asphyctic, aural, etc,, tha 
general vasodilation and inadequate 
defensive efficiency resulting from 
deficient oxygenation and metabolism, 
causing any region predisposed to 
disease to become the prey of any bac¬ 
teria it may contain; also for the 
somnolence suggesting “sleeping sick¬ 
ness.” etc., when marked, due to the 
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tame asphyctic condition of the brain; 
also for the intense lassitude and 
myasthenia persisting long into con¬ 
valescence due likewise to deficient 
tissue oxygenation and slowed metab¬ 
olism; finally, for the short lived im¬ 
munity conferred-on some subjects, 
the respiratory tract retaining for a 
short time the exacerbation of defen¬ 
sive activity initiated by the invasion 
of pathogenic germs. 

Prophylaxis .—The foregoing re¬ 
marks have pointedly indicated where 
protection against infection is para¬ 
mount, i.e., the respiratory tract. 
This is so well established, that, as is 
well known, antiseptic sprays, gar¬ 
gles, fumes and douches are employed 
by most clinicians. But is It as anti¬ 
septics that they act? The recent 
war has taught us an important les¬ 
son in this connection: It was found 
that antiseptics, including the newer 
ones, in solutions sufficiently strong 
to kill bacteria, also killed tissue 
ceils. In the nasopharyngeal pass¬ 
ages, therefore, if antiseptic solutions 
an too wesJc they are useless; if 
strong enough to destroy bacteria they 
do harm by inhibiting the local pro¬ 
tective functions. Other data showed, 
however, particularly Lambert's ex¬ 
periments, that while iodine was very 
active as a steriliser in a 1 to 2000 
solution, it promoted cellular activity. 
Pharmacology also teaches that iodine 
is the specific excitant of lymphoid 
tissues and therefore of phagocytosis. 

It was also observed during the war 
that in toxic gns manufacturing 
plants, in which emanations of irri¬ 
tating gases, chlorine, sulphur, di¬ 
oxide, etc (not phosgene) in hardly 
perceptible proportions permeated the 
air, immunity was conferred upon 
workers therein while influensa 
reigned unchecked In the neighbor¬ 
hood. Shuffelbotham* who investi¬ 
gated this report in twenty different 
and widely separated districts in 
England found that workmen actually 
enjoyed a “very high degree of im¬ 
munity from infection.” A. Gregor* 
ascertained bocteriologlcally that 
workers so exposed showed a marked 


t Bhuffribotbam: Brit Mod. Joor.. 
Apr. IS. 1*18. 

■ A. Omar: Brit Med. Jour., Oat 

u. in*. 


decrease In the pharyngeal flora even 
twenty-four hours after exposure to 
the fumes. TweddelB has observed 
similar protection at the Edgemont 
Arsenal in this country. Consular re¬ 
ports* from Germany had also called 
attention to the protective influence 
of evaporating turpentine in work¬ 
men during an epidemic. 

AH the practical phases of the 
question, clinical, experimental and 
Industrial, unite, therefore. In point¬ 
ing to the value of measures which 
enhance the defensive efficiency of the 
respiratory trad as the foundation of 
our prophylactic measures. Nor¬ 
mally, ns previously stated, its tis¬ 
sues defend us to the extent perhaps 
of 80 per cent. It is the remaining 
20 per cent, of defensive efficiency 
that we should aim to promote to ob¬ 
tain complete protection. How may 
we secure it? 

We have seen that iodine is supe¬ 
rior to any of the antiseptics used 
liecause, while provoking a local de¬ 
fensive reaction, it favored the vital 
activity of the lymphoid and epi¬ 
thelial cells. Yet it must be em¬ 
ployed with due care, as shown below. 

Luckhardt, Hoch, Schroeder and 
Wei land* have recently emphasised 
the dangers attending the direct ap- 

J dication of iodine fumes obtained 
ram crystals by heat as recommended 
fay some authors for the treatment of 
diseases of the respiratory tract. 
This corresponds precisely with my 
own experience. Personal tests showed 
that even as weak a solution of iodine 
as 1 to 2000 caused too much smart¬ 
ing when sprayed into the nasal cavi¬ 
ties to be employed, but that when 
iodine crystals were slowly converted 
into fumes by the heat of a small 
alcohol lamp 15 centimeters below 
them, and mixed with air in the pro¬ 
portion of 0.33 grams of crystals to 
15 cublo metres of air (the sise of a 
very small room used as Inhalator- 
ium) the iodised air could be Inhaled 
comfortably. Any stronger dilution 
caused a symptom which indicates 
that the proportion of iodine is too 


« Tweddell: Latter to Mad. Baa, Jan. 

». mo. 

• U. 8. Consular Reports: Amor. 
Mod., Apr., UOS. 

■ Luckhardt, Koch, Behraedar, sad 
Welland: Jour, of PharmacoL. Mar.. IMA 
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great, vis., persistent smarting of the 
eonjunotiva after the Unit slight 
pricking actuation experienced on 
entering the iodised air chamber. 
This afford* a delicate test for the ad¬ 
justment of the mixture to proper 
proportions by the admission of addi¬ 
tional air into the room. 

The duration of the slight pungency 
experienced in the upper respiratory 
tract, beginning with a sensation of 
dryness and followed by a freer flow of 
mucus, obtained with 5 grains of 
crystals, was about one hour. It was 
found, however, that these effect* 
could be perpetuated indefinitely by 
dropping tincture of iodine upon the 
small receptacle over the alcohol flame 
which had held the crystals, at the 
rate of four drops a minute, <.e., one- 
half ounce an liour. The fumes thus 
formed were inhaled hour after hour 
without difficulty or causing irrita¬ 
tion, although starch held aver the 
heated iodine tincture, showed dis¬ 
tinctly by turning blue that the halo¬ 
gen was being vaporised, while the 
odor of the air of the Inhalatorium to 
those enteriig from the outside was 
characteristic. 

The effects of a stay of but three 
hours in the inhalatorium so charged 
were unexpectedly prolonged. Al¬ 
though no deep breaths hod been 
token, the odor of iodine per ee (dif¬ 
ferent somewhat from that of the 
tincture itself) woe perceptible the 
whole of the following day off and on, 
that la to eay, about thirty-two 
hours. This accounts for the fact that 
GregorT had found that the naso¬ 
pharyngeal organisms of the work¬ 
men exposed to chlorine and other 
fumes were markedly decreased as 
much aa 24 hours after leaving their 
plawta. When we consider the supe¬ 
riority of iodine fames over thoee to 
which they were exposed, and also the 
relative vulnerability of the B. influ- 
eme, there is every reason to believe 
that three'hours of exposure to iodine 
fames under the conditions mentioned 
would afford at least protection for 
an additional five hours, during an 
epidemic, by enhancing the defensive 
efficiency of the whole respiratory 
tenet. 


* 0rigor: Lae. dt 


The practical bearing of these ob¬ 
servations is tlist all pnbjfie plane, 
schools, places of amusement, shops, 
hotels, churches, offices, factories, bar¬ 
racks, hospitals, etc., when- many 
people spend much time, either as 
pupils, employees, visitors, etc., ami 
which are now foci of infection, could 
be converted into ns many atn Hieing 
and immunising inkalatoiui provided 
the air in them be kept iodiacd in the 
proportion above mentioned, liy mul¬ 
tiplying ns needed end distributing 
evenly throughout the area to be 
Iodised, what upparntus—very siniplw 
and inex|iensive ns we shall lice—may 
las needed for that area. Or. la-ttcf. 
where a suitably situated adjoining 
room is available, fresh air fmm an 
open window may lie strongly iodised, 
nnd driven liy a turbine or rotatory 
fans through an enclosed shaft to the 
occupied room, and in sueli propor¬ 
tions ns to insure the dilution speci¬ 
fied. The iodised air can thus lie kejit 
pure, escape vents being supplied 
through lowered upper sashes or tran¬ 
soms for the escape of the air from 
the occupied quarters. 

During the hours all such places 
would la* used, all those exposed to 
the iodised air three hours would, 
estimating very conservatively, Is* 
protected five hours besides, thus 
aggregating eight hours, at least until 
bed time. If the subjects happen to 
spend the evening in a place of amuse¬ 
ment, church, etc., or any other ster¬ 
ilising inhalatoria, the protection 
would extend to the following morn¬ 
ing. Yet, absolute safety Imposes the 
need of an iodised air apparatus in 
every home, thus perpetuating its 
effects throughout the twenty-four 
hours. 

To provide for out-of-door workers, 
laborers, masons, bricklayers, driven, 
street venders, etc., sterilising tents 
might be provided, but here again the 
need of an apparatus at home im¬ 
poses itself, since workers would 
nardly consent. to spend the time 
necessary during the day, even to pro¬ 
tect themselves. Indeed, the more the 
question is studied the mare it be¬ 
comes plain that all residences, great 
and small, the palace down to the 
hovel, should, If legally possible, be 
made by the municipal authorities 
and under their watchful eyes, to be 
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kept iodised, and it possible, at the 
expense of the commonwealth, to in¬ 
sure execution. This alone would 
cause complete protection. 

The cost of adequate protection can 
he made comparatively slight if it is 
realised that expensive apparatus ia 
quite unnecessary. Among the poor 
whose living quarters are small, what 
lighting, heating nr cooking facilities 
they possess may be utilised with* the 
aid of slight Ingenuity. Or a small 
open box—a 100-cigar box,—for in¬ 
stance—may be used, by removing 
one of its ends and replacing the lat¬ 
ter by a piece of wire netting. This 
netting is used, the box standing on 
its other end, to support a small 
metallic cover or saucer, in which are 
placed the iodine crystals. These, in 
turn,—or the drops of tincture of 
iodine—are gradually evaporated by 
tlie flame of a small alcohol lamp 
placed on the floor of the upright box, 
the three walls of which prevent side 
draughts from disturbing the flame, 
while forming a chamber of warmed 
air which propels the iodine upward 
and disseminates them. The same 
box can be used for the evaporation 
of the tincture of iodine drops, by 
nailing to it an elbow support for a 
glass funnel the beak of which con¬ 
tains a stopper provided with a small 
hole, so regulated as to allow the 
tincture of iodine it holds to drop on 
the evaporating plate as needed. 

Where such comprehensive measures 
cannot be carried out, a setoff inhaler 
calculated to permit the inhalation of 
cold iodine emanations, which are tar 
less dense than the fumes evolved by 
heat, can be used. It consists merely 
of a glass tube one end of which is 
enlarged into a bulb calculated to fit 
into either nostril. Each end is 
packed, though not tightly, with a 
wad of cotton wool, 3 grains (0.8 
Gm.) of iodine crystals being placed 
between the two wads, in the 
.middle of the inhaler. One end of the 
latter being enlarged and bulb shaped, 
the bulb is introduced into each nos¬ 
tril in turn. On inhaling slowly but 
steadily through it, the iodine emana¬ 
tion will be felt to penetrate far 
down, lb Insure filling the entire 
bronchial tree down to the alveoli, 
after removing the Inhaler, the nose 
Is closed with the fingers, and efforts 


to blow the iodine out through the 
nose, the mouth being shut, are made. 
The slight warmth and pricking sen¬ 
sation experienced in the noae and 
throat disappears in a few minutes. 
Not more than two inhalations from 
the inhaler should be taken. These 
suffice, after clearing the nose to ex¬ 
cite a defensive reaction which may 
be sustained if the procedure is re¬ 
peated several times a day. Various 
pocket inhalers available lit the shops 
may be nsed for the same purpose, but 
in an emergency, I found that dis¬ 
carded vaccine tubes served the pur¬ 
pose very well. 

Such an inhaler is particularly use¬ 
ful wh'ere the air is likely to be con¬ 
taminated, in tramways, places of 
amusement, shops, etc. As stated 
elsewhere,* It should he used before 
leaving home and every three hours 
to keep the nasal mucosa on the de¬ 
fensive. At present, coughing and 
snoesing individuals are urged to 
cover their faces, nose, and mouth 
with their handkerchiefs; but every¬ 
one exposed should likewise protect 
himself with his handkerchief. A 
small inhaler hidden in it and used 
materially reduces the danger of in¬ 
fection. A few wliiffs suffice. Again, 
many bacteria inhaled are present at 
first in the anterior nasal cavities; if 
the inhaler is used again on reaching 
home, and the nose freely blown, ad¬ 
ditional protection is afforded. Al¬ 
though the January-February (1020) 
epidemic afforded ground for the be¬ 
lief that this measure affords pro¬ 
tection, thousands of esses can alone 
determine its value. A priori, how¬ 
ever, it la obvious that tho general 
public- measures advocated in the fore¬ 
going pages, offer a far greater op¬ 
portunity for adequate protection 
than tlie desultory use of any inhaler. 

Oil of turpentine, though far less 
efficient than Iodine, might prove, use¬ 
ful In the absence of the latter.' It 
may be need in the same three ways, 
lmt its odor is unpleasant to most 
people. Terebene, terpene hydrate and 
pine needle oil are more pleasant but 
also more expensive and less efficient 
than iodine. All are also evaporated 
by heat, but they should be floated on 
heated water. Public places, bonus, 

• Bsjons: New York Med. Jour., May 
U. 1M0, p. MS. 
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vehicles, etc., may be used as inhala- 
toria, as in Europe, their atmosphere 
being heavily loaded with one or sev¬ 
eral essential oils. Oil of eucalypti* 
is also useful but not as active a 
stimulant of the respiratory mucosa. 
One-half each of the offs of turficntiuc 
and eucalyptol, dropped on the cotton 
of a pocket inhaler, Used frequently 
during the day, are stimulating to tlu> 
respiratory passages but not to the 
same degree as iodine. 

In hospitals, respirators on the Yeo 
principle could be used with terebenr 
as excitant, the continuous use and 
dose proximity to the respiratory 
tract requiring a less irritating 
agent. Or, if the mask lie used it may 
be dropped on it opposite the nostrils. 

The masks used in the United 
States during the IBIS epidemic, even 
those made of four-ply gauze, wcro 
defective in that they allowed germs 
deposited on their surface, and when 
dried, to bo drawn into the nasal 
cavities, with the inspired air. A hit 
of snuff placed on the musk opposite 
the nostrils, when in position, or 
work where coal dust permeates 
the air, will soon illustrate this fact, 
when the wearer is subjected to exer¬ 
tion. Again, the stilling caused by 
four-ply gauze against the nostrils 
causes the mask to be removed, often 
without pretext, particularly by 
nurses. 

' Study of this whole question showed 
that these drawbacks cauld be avoided 
by means of a newer model: a boat¬ 
like hood made of canvas which covers 
the nose and mouth, though not in 
contact with them, each side being ex¬ 
tended by flaps made of the same 
material and provided with tapes for 
attachment behind the head. The 
wearer breathes without discomfort, 
the air circulating in and out from 
the side only. The boat-like hood 
covering the nose and mouth being 
absolutely Impermeable, It prevents 
all access to the nose or throat of 
bacterio-laden droplets even if they 
are coughed directly into the face. 
The few striking the sides having to 
travel a circuitous route cannot reach 
the nasal cavities, even aided by the 
Inspiratory suction, with sufllcient 
velocity to reach beyond the naso¬ 
pharyngeal barriers, where they would 
be promptly destroyed, long before. 


therefore, having reached even the 
bronchial tract. 

Ini|iortunt in this connection is the 
fact that the velocity with which con¬ 
taminated air is Inhaled determines 
whether infection will occur or not. 
The great prevalence of the disease 
among young men. as we haw seen, is 
explained*b.v their great cheat vigor. 
Hence the danger of any violent ex¬ 
ertion during an epidemic, dancing, 
skating, drilling (as |icrsnnally ob¬ 
served in my own command I and 
other sources of unusual activity, the 
aim living to prevent the B. infliicmue 
from reaching the alveoli. 

('old quarters, apartments, rooms, 
etc., favor infecting by lowering the 
activity of the defensive ferments of 
tile respiratory tract. Living quar¬ 
ters should not lie allowed to reach 
lie low 113" K. during an epidemic 
though well ventilated. 

Treatment .—Anyone showing a rise 
of tcni|M a ratiirc and other symptoms of 
influenza during an epidemic should 
at niiec lie kept in lied, isolated, re¬ 
ported, and tlip room at least, pla¬ 
carded. Agar plates and smears of 
the nasopharyngeal mucus should 
then determine the presence nr ab¬ 
sence of disease. In the meantime, it 
light euloml purge, 1 grain (O.Oti 
fSm.) In divided doors, followed by a 
mild saline afterient, should lie given. 
I have jsiinted outfl that mercury is 
probably our most energetic stimu¬ 
lant of defensive function. 

The room, preferably a small one, 
should lie iodized (tlioiigii not suffl- 
eiently so to prove irritating to the 
eyes) with iodine, fumes generated 
near the patient’s lied. The aim 
Alton Id he to cheek the formation of 
colonies in the air col i and to drat my 
the influence bacilli in the respiratory 
tract at the earliest possible moment, 
the bacilli from the alveolar colonies 
serving to Infect other alveoli. The 
iodine fumes would also protect the 
nurse as they readily penetrate the 
aidea of the mask. The latter slmnlil 
always be worn by her in the patient’s 
room, not only to protect her but also 
to prevent her becoming a carrier. 
The newer mask described above con¬ 
tains, on its foetal side, a small packet 
into which absorbent cotton may be 

• Present voleme. p. 1147. 
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placed, to hold a few drops of eucalyp- | 
tus oil thus affording further pro¬ 
tection. 

A bed-tent, the upper part of which 
would reach above a window, with the 
upper sash of which would be some¬ 
what lowered, would save to concen¬ 
trate the fumes in t small area and 
Increase their efficiency. The patient, 
however, should be kept warm, though 
well supplied with fresh air. The 
small inhaling tube can be used if the 
air cannot be iodised satisfactorily. 

In children, in whom the iodine in¬ 
haler cannot be used, steam inhala¬ 
tions composed of menthol % dram 
(2 Gan.), and fluid ewtraot of euoalyp- 
tue 2 ounces (60 Gm.), one teaspoon- 
ful to a pint (500 c.c.) of hot water, 
are efficient, being both stimulating 
and antiseptic, but not sufficiently so 
to harm the tissues. The ubiquitous 
sweet spirit of niter should not ha 
used, all nitrites serving to dilate the 
arterioles, thus aggravating one of the 
evil effects of the disease, that to 
which the cyanosis is partly due. 

Conversely, the ealioylatea have 
wrongly been abandoned on the plea 
that they caused cyanosis—a criti¬ 
cism which applied only to excessive 
doses—whereas this symptom, we 
have seen, is due to the disease 
itself. In 100710 I urged that in 
small therapeutic doses the salicylates 
caused constriction of the arterioles 
and reduced the volume of blood sup- 

e led to all tissues including the pain- 
il areas. It is precisely through this 
action that they reduce the so-called 
"fever” of influensa, which is not a 
true fever, but the result of flooding 
of the cutaneous capillaries resulting 
from the lnfluensel dilatation of 
these arterioles. They also relieve by 
the same process, the racking head¬ 
ache and the so-called temperature, 
the myalgia and other characteristic 
discomforts, by causing the capillaries 
to resume more or lese their normal 
caliber. This applies to all organs, 

" which are the seat, as necropsies 
show, of marked congestion, including 
particularly those that suffer most, 
the lungs (assailed directly by the B. 
influensa in their alveoli and indl- 
rectly by the passive congestion of 
their Immense capillary system) and 


also the adrenals.- Indeed, interpreted 
in the light of my views, it would be 
difficult to And a more perfect spe¬ 
cific than the salicylates. An essen¬ 
tial feature of these agents, however, 
is that they should be used in email 
doeee, since large doses by exaggerat¬ 
ing the constriction of the arterioles, 
produce asphyctic effects on the tis¬ 
sues mmbliiig those due to influensa. 

The ammonium eaUoylate is the 
best salt to use since it tends also to 
reduee the acidosis; 10 grains (0.6 
Gm.) at one dose, followed by ff 
grains (OA Gm.) every two hoars, 
lias given me the best results. Or, 
eaUotn, in 10-grain (0.6 Gm.) doses 
every hour, four times, then every 
two hours, is equally helpful. The 
reduction of the so-called "fever” is 
promptly effected and the suffering is 
controlled even more rapidly by in¬ 
jecting intravenously, but slowly 5 to 
7 grams (0J to 0.40 Gm.) of sodium 
ealioylate dissolved in SO minims (1.8 
c.e.) of sterile water, twice in the 
twenty-four hours. 

Of the coal-tars, which have the 
same effect on the arterioles but are 
more fleeting, antipyrin and acetan- 
illd are treacherous, acting well, per¬ 
haps, for a while, then suddenly even 
in small doses, causing at times 
threatening cardiac depression. 

Aoetpkenetidin 0 grains (0.3 Gm.), 
with eodium bicarbonate 10 grains 
(0.6 Gm.), every three hours, does not 
seem to poss es s these defects and is 
very helpful when the salicylates can¬ 
not be obtained. Heroin, which in¬ 
cludes peripheral vasoconstriction 
among its effects, is useful when the 
suffering, including the dyspnea and 
edema, resists the foregoing agents. 

When the circulatory equilibrium 
has been re-established ny the use of 
the salicylates or their congeners, i.e., 
when the peripheral hyperemia or so- 
called fever has abated, thus indicat¬ 
ing that the adrenals are no longer 
the seat of paretic passive codimIIcq, 
etrychnine which, as I urged In 1003 
and 1607, and recently confirmed by 
Stewart and Bogoff, stimulates the 
adrenals, should he used to keep the 
arterioles contracted, a function of 
these organa One of my pupils and 
former laboratory assistants. Dr. V. 
P. Jonrdan, of Bristol, Pa^ found in 
a aeries of 760 ca s es, including 40 
with marked pulmonary aoutplica- 


*• 6se this volume, p. 1EL 
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tloo^ and a total mortality of but 8 
oaaea, that amall doaea were futile (a 
logical conclusion in view of the tor¬ 
por of all centers due to the general 
aaphyctio trend) and that M, : grain 
(0.002 Gm.) doaea increased to U. 
grain (0.003 Om.) four times a day. 
° r Mo g™'n (0.004 Gm.) twice daily, 
were necessary to obtain good results. 
When pulmonary edema la prese n t, 
strychnine is contraindicated, the re¬ 
sulting rise of blood-preeaure tending 
to aggravate it. 

The adrenal insufficiency upon which 
French clinicians Drat laid consider¬ 
able stress and which several Ameri¬ 
can internists have confirmed re¬ 
peatedly, has led to the use of ad¬ 
renalin —in most instances with ex¬ 
cellent results, but in a few with no 
benefit. Its use, 10 to lfi minims 
(0.8 to 0.0 ex.) of the 1 to 1000 solu¬ 
tion in 30 minims (1.8 c.c.) of saline 
solution, injected slowly intramuscu¬ 
larly, is subject to the same rule aa 
strychnine insofar aa peripheral hy¬ 
perthermia (‘fever") ia concerned, 
when It should not be used, but it 
does not tend with the small doses 
employed, like strychnine, to increase 
gulmenary edema, and may then be 

in' 1 auxiliary measure of material 
.help in theae caeca, and calculated to 
offset both the marked acidosis ami 
also the viscidity of the blood, is a 

£ Ieasant beverage composed of one- 
alf each of milk and so line solution 
and 1 dram (4 Gm.) of sodium bicar¬ 
bonate to the pint (800 ex.). One 
tumblerful every four hours, besides 
promoting general osmosis, insures 
free renal action, thus facilitating the 
elimination of toxic wastes. Rectal 
injections of warm saline solution 
are nreferable to cathartics to keep 
the bowels open. 

Mb patient should be allowed to 
leave file bed until agar plates and 
■mean of hie nasopharyngeal and 
tracheal mucus demonstrate that no 
active colonies exist in his alveoli. 
This same precaution is suggested 
for the examination of possible car¬ 
riers from infected districts for the 
protection of munidnalities. 

Intestinal Paresis.. Treatment. 772 
In the arrest of intestinal peristal¬ 
sis following operations, the liquor 
hypophysis U. 8. P or pituitrin in 18- 


nunlm (0.00 ex.) doses injected in¬ 
tramuscularly, repeated la one hour 
if necessary, sometimes proves very 
efficient. It has replaced all other or¬ 
ganic preparations used for the same 
purpose, owing to its greater safety. 
An extract of bile in 8- to 18- grain 
(0.3 to 1 Gm.) doses and the sodium 
taurocholate in Vj- to 3- grain (0.03 
to 0.2 Gm.) doses have also been 
rccommendeu. 

Jaundice, M align a nt. 347 

Xaetatlon, Deficient. Treatment. 780 

While mammary gland has linen 
recommended bv some and found 
valueless by others to fnen-ame the 
flow of milk, hypophysis sicca or 
pituitrin (posterior lobe) in Via- or 
%- grain (0.000 or 0.010 Gm.) doses 
t.i.d., lias been, on the whole, gen¬ 
erally commended. 

leprosy. Treatment .738 

The aim slioiild be to destroy ilie 
bacillus lepras by increasing the ag¬ 
gressive power of the phagocytes and 
the bacteriolytic activity of the blood. 
Thyroid gland 2 grains (0.13 Gm.) 
t.i.d. (in adults), to increase the th«c 
roiodase (opsonin) replaced, after one 
week, by iodide of mercury Ms grain 
(0.004 Gm.) also t.Ld., reducing the 
dose slightly if salivation appears. At 
least one quart (liter) of some saline 
mineral water daily to preserve the 
fluidity of the blood and thus insure 
tlie free penetration of the bacterio¬ 
lytic plasma into all capillaries and 
neuro-fibrils, and the prompt elimina¬ 
tion of the increased wastes. The 
diet should include a free supply of 
vegetables and fruit to provide the 
blood with alkaline salts. 

Leuoorrhea . 28 

leukemia. 

To increase the blood’s proteolytic 
activity, thyroid gland 2 grains (0.13 
Gm.) t.iut., In adults, with oxygen in¬ 
halations, or systematic daily coarsen 
of deep breathing in the open air. 
After one week, saline solution intrav¬ 
enously, six ounces being Injected 
■lowly every other day. The free use 
of alkaline waters to facilitate the 
elimination of detritus by the Intes¬ 
tinal and urinary systems, is also 
indicated. 

lupus. Treatment. 738 

Fainting the edges of the ulcer 
dally with u 78 per cent, solution of 
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aoetio add followed by rinsing with 
water, and thyroid gland 2' grains 
(0.13 Gm.) sometimes gives ex¬ 

cellent results when the diseased area 


is small. 

Keasles. 18 

XeningltlB . 20 


Xenopanse. Treatment, 710,777,779, 
114B, 1188. 

In physiological or surgical meno- 

g iuse, oorpuM luteum 3 grains (0.2 
m.), thyroid gland 1 grain (0.065 
Gm.) and hypophysis oiooa M 0 grain 
(0.006 Gm.) in one oapsufe after 
meals, give better results than either- 
ovarian gland or corpus luteum alone, 
even when given in much larger doses. 
The cessation of the menstrual func¬ 
tion entails an accumulation of 
wastes, the destruction of which In¬ 
cites periodical exacerbations of endo- 
crln activity, of which tlie periodical 
flushes are a sign. By giving the 
above combination, the autolysis of 
the wastes is enhanced and the abnor¬ 
mal phenomena are prevented. 

Xental Diseases. 

• The endocrins, owing to their fun¬ 
damental participation in both phases 
of metnbolism, i.e., anabolism and 
catabolism, and in the defensive 
processes, are of paramount impor¬ 
tance In these diseases, when any 
functional disorder, metabolic or toxic, 
prevails' in addition to the psycho¬ 
genic. The classification adopted hero 
is that formerly utilised, owing to its 
clearer adaptation to my purpose. 
The symptomatic treatment is of 
course not considered, my aim being 
only to Illustrate the fundamental 
features connected directly with the 
endocrins. 

Ihbanitt Dux to Httoenpociitia 
A itn a Rxsm.Tiira Toxemia. —This 
condition, which -may* be illus¬ 
trated by forms which are now, such 
as puerperal 'insanity, generally at¬ 
tributed to a toxemia. From my 
viewpoint, it occurs as a result of ex¬ 
haustion of the endocrins during, and 
as a result of, pregnancy, the glands 
being originally insufficient to meet 
the nigh tide of toxic wastes. As a 
result, the latter are imperfectly 
catabolised, and intermediate wastes 
being toxic, they awaken the mental 
disorder. The main glands exhausted 
In these cas es being the adrenals and 
thyroid, we should give first thyroid 


gland 2 grains (0.13 Gm.) t.i.d., to 
activate catabolism of the wastes, and 
adrenalin 10 minims (0.6 o.c.) of the 
1 to 1000 solution in a syringeful of 
saline solution intramuscularly once 
daily, to activate oxygenation and 
general metabolism. Also warm saline 
eolation enemas every other night, to 
promote free alvine and renal elimi¬ 
nation. If tlie case is not of suffi¬ 
ciently long standing to have caused 
organic lesions in the cortical cells, 
favorable results may be obtained. 

Tlie second form is uremia insanity, 
obviously duo to and Is generally 
attributed to a retention of toxic 
materials which the kidneys should 
have eliminated. From my viewpoint 
we have seen, the so-called internal 
secretion of the kidney is mainly com¬ 
posed of the adrenal dynamic rests 
that the parenchyma contains (which 
give the chromaffin test) so that if 
we inject adrenalin, as above, we ex¬ 
cite their activity. Rmall doses of 
thyroid gland % grain (0.016 Gm.) 
t.i.d., to favor the catabolism of 
wastes, a salt-free diet and the avoid¬ 
ance of meats and eggs until tlie men¬ 
tal state is normal, are then indi¬ 
cated. Adrenal gland or nepkritin 
may then bo used to keep the kidneys 
actlvo dynamically. 

itelaneholia Is another disorder In 
which endocrin deficiency prevails. In 
some cases, in fact, the stigmata of 
hypothyroidia are evident: a dry and 
harsh skin, often pale and dirty yel¬ 
low, accompanied usually by signs of 
hypoadreula, general vasodilation, 
sluggish circulation and respiratory 
torpor. 

That wastes an imperfectly catab- 
oliacd in such eases is self-evident yet, 
wastes not being actively produced, 
slow metabolism is the probable di¬ 
rect cause of tlie depressive state. In 
cases that are not of too long stand¬ 
ing good results are obtained by 
means of a reconstructive treatment, 
when the Intestinal and renal func¬ 
tions are normally performed, includ¬ 
ing thyroid gland 1 grain (0.065 
Gm.), hypophysis sioca grain 

(0.006 Gm.), strychnine grain 
(0.001 Gm.), and thymus 2 grains 
(0.13 Gm.), In a capsule to be taken 
three times a day, thus enhancing 
general oxygenation, anabolism, and 
catabolism, nucleins being provided 
through the thymus gland. 
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Menopause insanity la another type 
due to hypoen locrinia, but special in 
the sense that its origin is localised. 
The ovaries having oeascd to function¬ 
ate, they no longer add periodically 
the unused dynamic constituent of 
their internal secretion to the general 
body asset, and being composed (as 
biochemical tests show) of nucleins 
and locally formed chromaffin sub¬ 
stance (similar to adrenal secretion), 
general metabolism and the antitoxic 
properties of the body Huids are 
slowed in consequence. There is, 
therefore, besides accumulation of 
toxics, vasodilation of the arterioles, 
which the adrenal principle in a 
measure controls normally, lienee tho 
cerebral hyperemia and the organic 
changes resulting therefrom if this 
congestion and the toxemia are al¬ 
lowed to proceed. lienee the value of 
oearian gland or corpus lutcum ; but 
their activity is enhanced if simul¬ 
taneously suprarenal gland 2 grains 
(0.13 Gm.) are given to increase the 
asset of adrenal hormone and str/fch- 
nine, to stimulate tlie adrenals them¬ 
selves, with thyroid gland y, grain 
(0.03 Gm.) t.ijL, to promote the 
catabolism of wastes. The gastro-in- 
testinnl musculature is often present 
resulting in gnstro-enteroptosis, but 
the strychnine and suprarenal gland, 
administered often, corrects this con¬ 
dition if it is not too pronounced. 

Ixbaxity Dca to Hvpoenikjcbinia. 
Solely. —Typical of this type is lac¬ 
tational insanity. In this condition, 
curiously enough, we are again deal¬ 
ing with deficient adrenal hormonn 
in the sense that, as we have seen, 
milk contains it. When, there¬ 
fore, the adrenals after passing 
through the exhausting period of p-s- 
tation, are subjected to continued 
drain through lactation and fail to 
supply the needs of both maternal 
milk and vascular system, depression 
and melancholia occur. This accounts 
for the fact that this fortn of insan¬ 
ity may appear both soon or late in 
the lactational period, its occurrence 
depending upon the resisting powers 
of the adrenals. Hence the value, 
after stopping nursing, of intramus¬ 
cular Injections of adrenalin 10 drops 
of the 1 to 1000 solution daily at 
first, then less often, with suprarenal 
gland 2 grains (0.13 Gm.), and hy¬ 
pophysis sicea, posterior lobe, Ho 


jjprain (0.000 Gm.), with reduced 
iron y. grain (0.03 Gm.) in rapaule 
t.i.d., after meals, with good food and 
out-of-door life. Strychnine should 
be avoided, as the adrenals already 
exhausted, would In* further harmed 
l»y undue stimulation. 

Ueneial patents is essentially the 
expression of a general collapse of tlie 
endocrine, leading to a eorrcs|x>nd- 
ing break down of the wliole organ¬ 
ism. Syphilis is an undoubted fac¬ 
tor in ninny rases, Noguchi, in fnct, 
having discovered spirochettr in the 
brains of subjects who had died of tlie 
disease. Hut syphilis is hut one of 
tlie many depressing influences which 
steadily" weaken tlie functional effi¬ 
ciency of tlie ductless glands. 

In the treatment of general paral¬ 
ysis the misuse of organotherapy may 
he very harmful, l-srge doses of thy¬ 
roid gland simply hasten the morbid 
process. Small doses, on the other 
hand, not more than 1 grain (O.OflS 
Gin.) thrice daily, counteract it by 
inciting metabolism. As all other 
ductless glands an* functionally de¬ 
fective, all the ductless glands should 
lie given: adrenal gland, hypophysis 
sirca, thymus with orary nr corpus 
lutcum in females, or testicular or 
orchitic extract in males, tlood food 
and out-of-door life, with cessation of 
all bail habits, will do much to* 
these eases. In some an underlying 
autointoxication of inteatinal origin 
demands the weekly use of calomel, 
nnd intestinal antiseptics, salol, creo¬ 
sote carbonate, or men that. 

Senile Dementia .—The treatment 
on orgiinotliera|M-iitii' lines for gen¬ 
eral paresis given above should be 
tried faithfully lien*. Henile decay 
is essentially due to deficient activity 
of the ducMess glands. But ropm- 
stasis and other sources of auto-in¬ 
toxication are omnipresent in the 
aged. This feature should also re¬ 
ceive attention, purgatives and ene¬ 
mas being lim-d. 

Circular Insanity .—This disease, in 
which mania Rnd melancholia alter¬ 
nate, is also due to some toxemia. 
During the maniacal phase, exagger¬ 
ated activity of tlie ductless glands 
(vide infra), while during tlie melan- 
cholic phase, exhaustion of tlie endo¬ 
crine by the stress to which they were 
subjected. The treatment is that In¬ 
itiated for mania, followed after 
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elimination of the came, fay that for 
melancholia. 

IwaaifiTT Dm to Hmaonio- 
chihia .—Mania is an ' expression 
of tfaia condition, an exaggerated 
activity of the endocrine, the purpose 
of which le to break down either 
famine derived from some infectious 
fociie, intestinal, tonsillar, dental, 
etc., or toxic waste products, includ¬ 
ing such as are produced during anger 
or other mental stresses, defective 
gastro-intestinal digestion, etc. The 
abnormal exaltation of mental activ¬ 
ity, hallucination, etc., le therefore 
the expression of exaggerated metab¬ 
olic activity and hyperemia in the 
cerebral cortex. Recurrent mania in¬ 
dicates the presence of a tidal wave 
of pathogenic toxica or toxins and 
lasts until these have been broken 
down by the defensive hormones. 

Careful search far any source of in- 
tocnoation (teeth, intestines, etc.) or 
infection (tonsils, nasal cavities, 
vagina, etc.) should be made. The 
intestinal canal should be kept free 
by frequent purgation. When the at¬ 
tacks are shout due, saline solution 
by the rectum or subcutaneously 
should be tried. Where any gastric 
disorder is present, gastric lavage is 
indicated. In recurrent manta small 
doses at thyroid gland 1 grain (0.065 
Qm.) Ua, during the quiescent 
period, in addition to the foresting 
measurlK, tend to prevent the attacks. 

Dementia Prcooa. —This dread dis¬ 
ease which sends 30,000 children to 
insane asylums each year, and which 
represents 53 per cent, of our asylum 
inmates, will be mastered when its 
relationship with the endocrine will 
be duly recognised. Cures are begin¬ 
ning to appear when to the inherited 
pIlspMitlon is added a toxemia of 
focal origin capable of initiating the 
d1 . 

In the catatonic type, some cause 
at toxemia whether of Intestinal, ton¬ 
sillar, dental, nasal, uterine, etc., 
'origin, provokes overactivity of the 
thyroid. From my viewpoint, the ex¬ 
cess of secretion which, as is well 
known, rapidly breaks down fats, 
likewise breaks down the phosphor- 
iced fats of the brain cells, among 
others, and thus creates the dis e ase. 
The Indication, therefore, la to elimi¬ 
nate the focal infection whatever It 
be. It is not infrequently located in 


the cecum, and is revealed by a 
barium meal X-ray examination. If 
colonic fashing, the fluid being re¬ 
tained at least twenty minutes with 
the patient lying on his right side, 
given every other day on retiring, fails 
to clear the ooprostaais, a eeootomy, to 
provide an opening for its efficient 
accomplishment, is necessary. Bimul-i 
taneously, the patient should be fed 
on a diet rich m fats and lecithin, to 
build up the myelin of the nerve 
cells. Organ*' therapy only increases 
the severity of tile symptoms in the 
catatonic type. 

The hebephrenic type (which is 
placed hero only to differentiate it 
clearly from the former) le also due 
to a toxemia but- with inability of 
the endocrine to convert the patho¬ 
genic toxics or toxins into elimlnable 
end products. These cases sometimef 
do well by giving them thymus 1 
grain (0.065 Gm.), thyroid gland 1 
grain (0.005 Qm.), and hypophysis 
sicca % 0 grain (0.006 Gm.), in one 
capsule after meals, in addition to the 
measures recommended tor the cata¬ 
tonic type. This combination, by en¬ 
hancing the systemic defensive func¬ 
tions, rids the organism of wastes 
which probably initiate the disorder 
in predisposed subjects by exciting 
the vasomotor center, thus causing 
hyperemja of the cerebral neurons. 
While these eases usually show a 
high blood-pressure for the age of the 
patient, the reverse is the ease in the 
catatonia type. In both types, these 
remedial measures only prove effi¬ 
cient, of course, before structural 
lesions of the brain cells have de¬ 
veloped. 

The paranoid type of dementia pre¬ 
cox includes features of both forme 
symptomatically, but insofar as path¬ 
ogenesis and treatment are concerned, 
the measures Indicated for the hebe¬ 
phrenic gave the heat results. In a 
personal ease the elimination of 
oxyurie vermlcularis (seat worms) 
wee followed fay marked improvement. 

Consecutive Dementia .—This ter¬ 
minal disorder following "an acute 
mania in which the psychical proc¬ 
esses an so inhibited that the patient' 
is hardly more than a living autom¬ 
aton, illustrates the destructive in¬ 
fluence on pbospbortaed fate of the 
cortical cell* of the thyroid, when 
driven to excessive activity fay toxic 
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mifd. It is the result of u active 
autolysla, with death aa only relief. 

Metrorrhagia .23 

Xlfnlae. General article^ 24, 1522 

Myooardltla . 345 

Tephrltla. 15 

Neuralgia. General article ... 1522 

■earaathenla. Treatment. 710, 773, 
778, 782, 1175, 1222, 1224, 1231, 
1245,1248,126R-, and Myasthenia, 
Treatment, 710, 773. 

The recent experimental demonstra¬ 
tion of the correctness of my conclu¬ 
sion in 1003 that it wu by stimulat¬ 
ing the adrenal* thnt strych nine 
proved so effective in these disorder! 
when organic lesions do not prevail, 
points to the important rflle played 
by tiie endocrine in this disorder. 
But here, again, the curative process 
is favored if, with strychnine, small 
doses of thyroid, not moro than % 
grain (0.03 Gm.) and hypophysis 
stern Wo grain (0.006 Gm.) am 
given, not only to enhance metabolic 
activity, but to raise promptly tho 
vascular tension and thus promote 
circulatory activity in the nerves and 
muscles. Where sexual excesses or 
masturbation underlie tho morbid 
process, orchitic nr tract 2 grains 
(0.13 Gm.) may replace tho hypo¬ 
physis. 

Vaarltla. General article. 152 


Obesity . 1145 

In the treatment of this condition, 
considerable circumspection is neces¬ 
sary. Its canes must be definitely 
ascertained and treated primarily. It 
is only in eases of low metabolic 
activity that thyroid gland is indi¬ 
cated, and in which hypothyroidle Is 
probable. In such 1 grain (0.085 
Gm.) t.id, with gradually inenaaed 
e n ergise and material redaction of the 
carbohydrates, compensated for by 
meat if the patient partakes of but 
little of the latter, sometimes gives 
good results. In some cases, the 
peripheral .arterioles are dilated and 
torpor of the circulation, aided, per¬ 
haps, by a fatty heart, promotes the 
deposition of adipose tissue. In such, 
su pr a re n al gland 2 grains (0.13 Gm. ) 
mnd ergoUn 1 grain (0.065 Gm.), 
gtran with thyroid to constrict ths 
arterioles, antagonise the pneo 


Where the heart is norms 1 hypo- 
physic sicca may replace the supra¬ 
renal gland, that on tho market being 
seldom reliable. 

Panarentitla .348 

Paralysis Agltaaa. Treatment, 747, 
782, 1223. 1324, 1325. 

Although Berkley and others ham 
obtained good results fmin parathy¬ 
roid gland, st least an equal number, 
including myself, have not noted 
beneficial effects. Doubtless it is be¬ 
cause its preparations degenerate 
rapidly. Thyroid gland % grain 
(0.03 Gm.) *nd hypophysis simi Wo 
grain (0.008 Gin.) afforded some 
benefit, but it wns only temporarily. 
Orchitic extract 2 grains (0.13 Gm.) 
three times a day, also afforded but 


temporary benefit. 

Pericarditis . 35 

Peritonitis .35 

Pertussis. General article .... 1710 

Plague. General article. 1807 

Pleurisy.35, 340 

Pneumonia . 12 

Pneumonia, Senile . 12 

Tills form which Osier character¬ 


ised as "almost the natural end of 
old people, is not, from my view¬ 
point, similar to the classic form of 
lobar pneumonia. It ia primarily 
duo to failure of tiie adrenals .which, 
in tiie aged, are far less resistant 
than during youth or middle life (see 
plate opposite page 88) and yield al¬ 
most at once to the pneumorocclc In¬ 
fection. Hence the term “terminal 
pnenmoeaceio pneumonia” which has 
seemed to me to best identify it. As 
is well known, this senile form may 
drop upon an aged subject suddenly 
In the midst of his dailv occupations 
and aa suddenly prove fatal, where, 
as in most esses. It develops grad¬ 
ually, there may be slight fever, a 
very moderate rise of blood-pressure, 
perhaps a chilly sensation, but little 
if any cough, and no psln In the 
chest. Then occurs more or less sud¬ 
denly n rapid lowering of the arterial 
tension, extreme asthenia, Hvldity 
and dilatation of the right heart—all 
signs of adrenal failure, with pul¬ 
monary sdema and sometimes ad¬ 
renal hemorrhage—sudden abdominal 
pain—as prelethsl phenomena. 
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The usual treatment for lobar 
pneumonia la futile in tlpse cases. 
They need repeated doses, 10 minima 
(0.0 oa) of adrenalin 1 to 1000 
eolation in a syringeful of saline 
solution being InjecUd slowly sub¬ 
cutaneously, carefully avoiding a 
vein, every two hours - three times, 
then when the heart action and the 
blood-pressure have improved, four 
times a day. Perpetuation of the 
good effects is sometimes better in¬ 
sured by injecting S minims (0.3 c.c.) 
of liquor hypophysis or pituitrin at 
a dose, or IS minims (0.D ca) of 
either of the two latter, if the blood- 

1 pressure is very low. The oral use of 
these agents, in addition, is often 
helpful. 

The patient’s defensive resources 
being deficient through senile ineffi¬ 
ciency of his ductless glands, the use 

'of antipneumoeooous serum is indi¬ 
cated to increase the bactericidal 
properties of the body fluids directly, 
rather than vaccines which do so in¬ 
directly and may fail in these cases 
to provoke a response as antigens. 
Sustaining food in small quantities, 
frequently repeated, and creosote oar- 
bonate to prevent tympanlties are 
other indications of importance to 
which should be added the absolute 
avoidance of depressants, particularly 
the opiates which are harmful in the 
aged. 

Prurigo. 

This cutaneous disorder, so trouble¬ 
some owing to the pruritus which at¬ 
tends it, Is sometimes arrested by 
thyroid gland 2 grains (0.13 Om.) 
t.ijd., two days, then 1 grain (0.065 
Gm.) t.i.d. It is doubtless due to 
toxic waste products. When the dis¬ 
order is the result, as is often the 
case, at poor food, it anil only dis¬ 
appear if this cause is eliminated, 
since by impairing metabolic activity, 
it inhibits adequate catabolism of 
wastes. 

• ■ 

Psoriasis. 

Wlille organotherapy has not given, 
on the whole, satisfactory results, 
these were clearly due to the fact that 
excessive doses were employed. Large 
doses of Ihyrnd gland, for Instance, 
by promoting excessive catabolism, 
could only aggravate the trouble by 
adding wastes to those causing the 


disorder. Not more than 1 main 
(0.086 Gm.) t.iJL, should be given. 
Again, it will prove useless unless 
marked reduction of the proteins 
which furnish pathogenic wastes is 
not insisted upon; in some cases, in 
fact, a strict vegetarian diet is neces¬ 
sary to obtain lasting results. 

Puerperal Xelampeia. General 


article . 1473 

Pulmonary Tuberculosis. Gen¬ 
eral article. 1600 

Purpura . 19 

Hablee. General article. I486 


Rheumatism, Chronic, 25, 1145, 1168, 
1282, 1280, 1293. 

The value of potassium iodide in 
this disease, besides elimination of 
its cause, has caused the use by some 
of thyroid gland, but the possibility 
of cardiac complications in the dis¬ 
ease, renders the iodides safer. 


Scarlatina . 19 

Solerodenna. Treatment. 735 


The probable nervous origin of 
scleroderma and the permanent char¬ 
acter of the lesions would seem to 
render any treatment futile. Yet, 
thyroid gland has been fo-ind bene¬ 
ficial by some and useless bv others. 

Septloemia, Beptlo Diseases. 

Treatment . 19, 738, 704 

The activity with which thyroid 
gland proMfe* the autolys's of 

S utrefactive bacteria is son-times 
lustra ted in these cases. But the 
doses must be larger than usual, 3 
grains (0.2 Gm.) every three hours, 
provided the heart Is in good con¬ 
dition. In cases that are not ill 
enough to remain in bed, 2 grains 
(0.13 Gm.) every four hours suffice. 
The effects are Improved if the sepsis 
is cutaneous, by giving hypophysis 
sicca V+ grain (0.010 Gm.) with each 
dose of thyroid and having the pa¬ 
tient partake freely of alkaline 
beverages, Vichy and milk, equal 
parth, asslbt in promoting renal 
action. 

•exons affusions .;. 17 

■hook. Treatment, 754, 704, 788, 
1175, 1215, 1231, 1258; and 

Heart-failure, Treatment, 765, 
758, 764, 768. 

The adrenalin principle promot¬ 
ing energetically as catalyser. the in- 
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take of ox yg e n , while the posterior 
pituitary which contains this prin¬ 
ciple and that of the adrenal cortex, 
tlie two can be used concomitantly. 
Adrenalin 8 minima (0.3 c.c.) of the 
1 to 1000 solution to the pint (BOO 
ex.) of saline solution is injected 
slowly intravenously, while 15 min¬ 
ims of the liquor hypophysis or 
pttuitrin are injected intramuscularly. 

Sterility. Treatment.7 SO 

This condition in stout women in 
often counteracted by the use of thy¬ 
roid gland 1 grain (0.005 Gm.) l.i.d. 
Corpus lutcum In 5-grain (0.3 Om.) 
doses t.i.d., has also tieen recom¬ 
mended. During pregnancy the urinn 
should be carefully watched in such 
cases, as the under)} ing cause of 
sterility (unless orgnulel render 
renal complications probable, owing 
to imperfect cntaholism of wastes 
due to an existing hypothyroidia. 
Small doses of thgmid '<■ grain (0.03 
Om-) t.i.d. during prefpiancy, tend to 
prevent this complication. 

Submersion or Drowning- 

The methods for the use of ad¬ 
renalin and liquor hypophysis already 
described under Rhork are also ap¬ 
plicable here. When the heart fails 
to respond after these injections and 
the use of either the Rehafer or the 
Sylrester method, likewise fails, 
pricking the heart with a clean shawl 
pin introduced between the riba, will 
sometimes start it. Perseverance and 
patience are important features of 
success in such cases. 


Surgery. 

Intramuscular injections of 3 to 15 
minims (0.48 to 0.90 ex.) of the 
liquor hypophysis before prolonged 
operations will tend to prevent the 
shock and meteorism often notes!, 
and reduce markedly the chances of 
s ec ondary hemorrhage. By enhancing 
the oxy g en Intake and tissue metab¬ 
olism, 'it also tends to promote the 
efficiency of the defensive functions. 
When during convalescence the enilo- 
erin functions are defective, the 
process of repair is slow, while the 
danger of infection of the wound by 
endogenous bacteria, the B. coll, for 
Instance, or exogenous organisms, is 
increased. In such eases small doses 
of thyroid, % grain (0.03 Om.), to 
promote both anabolism and catab¬ 


olism. and also, indirectly, phagocy¬ 
tosis, strychnine Min grain (0.001 
(ini.), to stimulate the adrenals ami 
increase the intake of oxygen, and 
hypophysis stem V4i» grain (0.(MHI 
Gm.) to increase vasrular tone. 
t.i.d., hasten recovery noticeably. If 
hemophilia prevail, the pre-operative 
use of thyroid gland 2 grains (0.13 
Gin.) and hypophysis sicra Vi grain 
(0.01(1 (am. ) t.i.d.. nr Intramuscular 
injection* of 10 minims (0.41 r.e.) of 
adrenalin in a syringeful of saline 
solution, given every other day, be¬ 
sides the thyroid 2 grains (0.13 Gni.l, 
will reduce the coagulation time 
within safe limits, as appropriate 
tests will show. In assrous diseases 
the treatment indicated under Borers. 
Dibkahrh or, this Supplement, wilt 
la* found of material help. 

Byphilis. General article. 1705 

Tetanus. General nrtiele. 1420 


Tetany. General article. 1427 

Typhoid lem. General article, 18, 
1758. 

Urticaria . 24 

Uterine Pibrolds. Treatment. 788, 
7H0. 

Tn cases characterised by menor¬ 
rhagia and metrorrhagia, mammary 
gland, 10 to 15 grains (0.8 to 1 Gm.) 
four times a day, has been found 
efficient by several reputable authors. 
Briggs gives in addition, in grave 
cases, ertraet of ergot, 3 grains (0.2 
Gm.), ertraet of hydrastis 1 Mi grains 
(0.00 Gm.) with each dose, and ap¬ 
plies also X-ray to the ovaries every 
third week. 


Valvular Diseases . 345 

Vomiting of Pregnancy. Treat¬ 
ment . 780 

Tn some cases this symptom is duo 
to dilatation of the stomach owing to 
deficiency of adrenal hormone, the ad¬ 
renals being overtaxed and unable to 
supply for the time beta" the extra 
needs' by the process. Liquor hypo¬ 
physis IS minims (0.0 m.) injected 
Intramuscularly, is sometimes very 
efficient; corpus luteum 10 grains 
(0.6 Gm.) t.ljd., baa also been tried, 
but in severe cases the oral use of 
remedies Is often impracticable. 
Ysllow Atrophy of Xtvor 
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